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I.     INTRODUCTORY. 

The  principal  advantages  of  two-circle  measurement  are : 

(a)  That  constants  for  each  face  may  be  obtained,  with  one  ad- 
justment of  the  crystal,  whereas,  in  one-circle  measurements,  a  re- 
adjustment is  necessary  in  each  zone.  This  readjustment  in  the 
case  of  zones  of  little  prominence  is  often  difficult. 

{b)  These  constants,  two  for  each  face,  determine  the  position  of 
each  face  with  respect  to  every  other  face.  For  n  faces  there 
are  only  2n  angles,  whereas  for  the  same  completeness  with  one- 
circle  measurements  n{n  —  i)  angles  would  be  needed. 

As  developed  by  Goldschmidt,  the  constants  obtained  by  two- 
circle  measurements  lead  to  a  new  system  of  symbols,  and  are  used 
with  the  gnomonic  projection  instead  of  with  the  more  compact 
and  convenient  stereographic  projection. 

It  is  our  purpose  in  this  article  to  develop  a  convenient  and 
simple  method  for  obtaining  the  geometrical  constants  of  a  crystal 
from  the  two-circle  angles,  using  Miller  indices,  the  stereographic 
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projection  and  graphic  solutions  checked  by  calculations.  At  the 
end  of  the  article  formulae  have  been  given  by  which  the  inter- 
facial  angles  obtained  by  one-circle  measurement  may  be  con- 
verted into  the  more  convenient  coordinate  angles  of  two- circle 
measurement. 

The  following  definitions  of  coordinate  angles,  stereographic 
projection  and  Miller  indices  are  needed : 

Coordinate  Angles. 

The  crystal  is  assumed  to  lie  within  a  sphere,  the  centers  of  the 
sphere  and  the  crystal  coinciding.  The  angles  between  radii  nor- 
mal to  crystal  faces  (the  normal  interfacial  angles)  are  measured  on 
the  great  circles  through  the  radii.  The  "  pole  "  of  any  face,  that 
is  the  point  where  the  face  normal  pierces  the  sphere  surface,  may 
be  located  not  only  by  its  angular  distance  from  other  face  poles„ 
but  also  by  two  angles  similar  to  latitude  and  longitude.     One  of 


Fig.  I. 


these,  denoted  by  p,  is  measured  from  a  chosen  "  polar  plane  "  upon 
the  great  circle  through  the  face  pole  and  the  polar  plane,  the  other. 


4  THE    QUARTERLY, 

denoted  by  ^,  is  the  angle  between  that  great  circle  and  a  chosen 
meridian  and  is  measured  on  the  equatorial  circle.  These  two 
angles  q>  and  p  are  the  "  coordinate  angles  "  of  the  crystal  face. 

Stereographic  Projection. 

The  imaginary  sphere  with  its  face  poles  and  circles  is  most  con- 
veniently projected  upon  a  diametral  plane,  each  face  pole  P,  Fig. 
I ,  being  projected  at  P'  the  intersection  of  the  line  from  P  to  the 
south  pole  5.     Similarly  C  is  projected  at  0  and  L  at  L, 

In  such  a  so-called  ^*  stereographic  projection  "  all  circles  are 
projected  as  circles,  the  pictorial  effect  is  good,  the  distortions 
are  not  great  and  the  plotting  can  be  done  rapidly  and  so  exactly 
that  the  projection  may  be  graphically  solved  with  great  accuracy. 

Miller  Indices.'!' 

The  symbols  for  a  crystal  face  are  usually  based  upon  the  rela- 
tive lengths  of  the  intercepts  which  the  face  makes  on  certain 
imagined  axes.  If  a,  b^  and  c  are  the  intercepts  of  some  chosen 
unit  face  and  OH^  OK  and  OL  are  the  corresponding  intercepts 
of  some  other  face  of  the  crystal  on  the  same  axes,  then  the 
Miller  indices  hkl  of  this  face  are  : 

^'"OH'  OK'  OL 

II.     MEASUREMENT  WITH  A  TWO-CIRCLrE 

GONIOMETER. 

"Principle  of  Two-Circle  Measurement. 

If  the  collimator  axis  and  the  telescope  axis  lie  in  a  horizontal 
plane  and  the  crystal  face  is  at  their  intersection,  a  ray  from  the 
collimator  will  be  reflected  into  the  telescope  if  the  face  is  first 
made  vertical  by  a  rotation  about  a  horizontal  axis  and  is  then 
placed  at  right  angles  to  the  line  bisecting  the  angle  between  the 
axes  of  collimator  and  telescope,  by  a  rotation  about  a  vertical 
axis.  These  two  rotations  furnish  the  readings  from  which  the 
coordinate  angles  are  obtained. 

The  Two-Circle  Goniometer. 

In  Fig.  2  is  shown  the  goniometer  of  Goldschmidt,  Model  1898, 
and  in  Figs.  3  and  4  a  later  modification  of  the  objectives.     The  ver- 

«To  obtain  Miller  indices  from  the  Weiss*  symbols,  take  the  reciprocals  of  the  Weiss 
coefficients  and  clear  of  fractions.     For  instance  a  :  2b  \  3^  becomes  I,  )i^  )i  ox  632. 
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tical  circle  V  is  *  attached  to  and  revolves  with  the  horizontal  circle 
H.     The  telescope  P  turns  independently  around  the  axis  of  the 


horizontal  circle,  but  throughout  any  measurement  is  clamped. 
The  collimator  C  is  fixed.  The  axes  of  all  four,  V,  H,  F  and  C, 
intersect  at  the  same  point  and  at  this  point  the  crystal  is  centered. 


The  centering  and  adjusting  devices  of  the  crystal  earner  J  are 
the  usual  three  motions  of  translation  at  right  angles  to  each  other 
*Zeit.f.  Kryst,  ai,  210-131,  1892,  also  ag,  333-345.  '898- 
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and  the  two  motions  of  rotations  about  arcs  of  concentric  spheres. 
The  rough  centering  may  be  done  with  the  eyepiece  removed  and 
the  finer  centering  and  adjusting  by  swinging  in  the  extra  lens  /, 
all  as  in  one-circle  measurement. 

The  revolving  disc  of  objectives,  R,  is  not  now  used,  but  is  re- 
placed by  the  hinged  device  shown  in  Figs.  3  and  4.  For  crystals 
of  fair  size  with  good  faces,  the  ordinary  eyepiece,  the  objective 
O,  the  swing  lens  /,  and  the  largest  of  the  four  signals  shown  in 
Fig.  5  are  first  used  and  then  the  smallest  signal  which  will  give 
a  sharp  image. 


4^     r 


For  minute  faces  the  ordinary  eye   ^r  f^^         T        T 
piece  is  replaced  by  O^^  shown  at  the  ^^i^^         1        ^ 
bottom  of  Fig.  2.   /  is  swung  to  one  side    ^W  ^^ 
and  the  objective  shown  in  Figs.  3  and  4  "^'  ^' 

is  dropped  in  front  of  O.  By  means  of  /,  the  crystal  may  be 
brought  into  focus  and  if  a  magnified  view  is  desired  /,  is  raised 
and  the  lens  on  Or,,  Fig.  2,  swung  into  position. 

In  Fig.  6  is  shown  the  two-circle  goniometer  of  von  Federow, 
model  I,  as  made  by  Fuess.*     In  this  instrument  the  telescope 
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is  also  the  collimator.     The  signals  are  varied  by  the  disc  6  and 

the  light  entering  at  the  focal  plane  of  the  objective,  passes  through 
a  small  total  reflecting  prism  and  emerges  as  parallel  rays.  The 
eyepiece  has  an  iris  blende. 

Czapski  *  also  describes  a  two-circle  goniometer  with  an  auto- 
collimator. 

Obtaining  the  Readings  v^  and  h^. 

The  reading  v^  is  the  reading  of  the  vertical  circle  at  which  the 
faces  of  a  selected  zone  at  right  angles  to  the  circle  yield  reflec- 
tions. It  is  independent  of  the  position  of  the  telescope.  The 
chosen  zone  may  be  called  the  ''  prime  meridian." 

The  reading  A^  is  the  reading  upon  the  horizontal  circle  of  a 
plane  (the  "polar  plane")  parallel  to  the  vertical  circle.  The 
reading  varies  with  the  position  of  the  telescope  and  is  determined 
as  follows : 

The  telescope  is  clamped  at  a  convenient  angle  to  the  collimator 
and  a  plane  surface  is  centered  and  made  approximately  parallel  to 
V.  By  turning  both  V  and  H  a  reflection  is  obtained  and  V  and 
H  are  read.  V  is  then  turned  1 80^  and  clamped  and  H  is  turned 
until  a  reflection  is  again  obtained  and  H  is  again  read.  The  mean 
of  these  two  readings  on  H  is  A^,  for  tAat  particular  position  oftAe 
telescope.  By  setting  H  at  A^  and  recentering  the  signal  by  the  arcs 
of  the  cfystal  carrier  the  signal  should  be  stationary  when  V  is 
turned ;  if  not  stationary  a  new  mean  value  should  be  obtained  as 
before. 

Adjusting  a  Crystal. 

The  desired  position  is  with  the  vertical  axis  of  the  crystal  at 
right  angles  to  V.  Sometimes  it  is  more  convenient  to  place 
another  zone  normal  to  V  and  later  transform  the  results. 

1.  If  the  "  polar  plane"  is  present,  as  a  crystal  face  or  cleavage, 
it  is  placed  approximately  parallel  to  V  and  centered,  H  is  set  at 
^0,  and  clamped  and  the  signal  brought  into  view  and  centered 
solely  by  the  arcs  of  the  crystal  carrier  J,  Fig.  2.  The  signal  from 
the  polar  plane  must  remain  unmoved  during  a  complete  revolu- 
tion of  V. 

2.  If  the  "polar  plane"  is  not  present  H  is  clamped  at  A^  +  90° 
or  at  A^  —  90°,  a  prism  edge  is  made  parallel  to  the  horizontal  cross- 

*  Ztit.f.  Instrumentk.^  I3f  I,  242»  1 893.     Abst.  Zfit.  f,  Kryst.^  25,  620. 
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hair  and  the  signal  is  centered  as  before  by  the  arcs  on  the  carrier 
J.  If  properly  centered  the  signals  from  all  the  prism  faces  will  be 
accurately  centered  by  turning  V. 

3.  If  neither  "  polar  plane  "  nor  prismatic  zone  are  available  but 
the  polar  plane  lies  in  a  known  zone  at  an  angle  a  to  an  occurring 
face  an  edge  of  the  zone  is  made  to  coincide  with  the  vertical  cross- 
hair, V  is  then  clamped  and  H  set  at  A^,  +  a  and  the  face  brought 
to  reflection  by  the  arcs  on  J. 

Obtaining  the  Coordinate  Angles. 

After  the  values  of  h^  for  the  polar  plane  and  v^  for  the  prime 
meridian,  have  been  obtained,  the  centered  signal  from  any  other 
face,  if  obtained  by  rotating  V  and  H  without  changing  the  posi- 
tion of  the  centering  screws  or  the  position  of  the  telescope,  will 
yield  two  other  readings  v  and  h  and  the  coordinate  angles  of  the 
face  will  ht  (p  ^v—  v^  and  jO  =  A  —  A^,  or  A^  —  A. 

Every  face  will  give  signals  for  two  positions,  these  however 
yield  the  same  (p  and  p  as  follows : 

V  —  v^^ip,     z/  =  z;^j  =  ^  +  1 80° 

f^-K  =  p     K-^'  ^P 

Averaging  these  tends  to  balance  inaccuracies  in  adjustment. 

The  values  of  ip  and  p  are  independent  of  the  position  of  the 
telescope,  (p  is  measured  on  V,  from  the  prime  meridian  from  0° 
to  180°  and,  conventionally,  is  positive  in  the  direction  of  the 
hands  of  a  watch  and  negative  in  the  opposite  direction,  p  is 
measured  on  H,  from  the  polar  plane  from  0°  to  90^  and  is  always 
positive. 

Except  in  isometric  crystals,  faces  of  the  same  form  have  the 
same  />,  and  the  values  of  (p  often  differ  by  regular  intervals,  as  30®, 
45°,  60°,  or  90°. 

Sweeping  the  Field. 

To  insure  the  complete  measurement  of  any  crystal,  including 
all  minute  faces,  the  following  plan  may  be  used. 

With  the  extra  eyepiece  Oc,  and  the  extra  objective  O,,  Figs. 
3  and  4,  determine  the  number  of  degrees  during  which  any  por- 
tion of  the  largest  signal  is  in  the  field.  This  will  be  about  ten 
degrees.     Starting  with  some  prominent  zone,  such  as  the  prime 
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meridian,  turn  H  ninety  degrees  each  side  of  A^,  centering  each 
observed  signal  and  reading  V  and  H,  then  turn  V  back  to  the 
meridian  and  continue  the  search. 

This  is  repeated  for  a  second  meridian  at  ten  degrees  to  the 
first,  that  is  with  V  at  ten  degrees  to  its  former  position,  then  for  a 
third  meridian  at  twenty  degrees  to  the  first,  and  so  on  through 
1 80  degrees.  Or  by  continuing  through  360  degrees  a  second  set 
of  readings  may  be  obtained  for  the  same  faces  as  explained  on 
page  8. 

Recording  Measurements. 

A  rough  sketch  is  made  showing  prominent  faces.  As  meas. 
uring  proceeds  the  faces  are  numbered  successively  and  recorded 
on  the  sketch  and  the  more  minute  faces  sketched  in.  Later  ^  and 
p  are  calculated  and  the  letter  and  symbol  are  only  entered  after 
solving  the  projection.  Convenient  entries  for  signal  are^.,/!,/., 
for  good,  fair,  poor. 

The  essential  record  headings  are  about  as  follows : 


Atacamite  No.  i. 

Signal. 

No. 

!  Letter. 

1    " 

Indices.  <            v 

k 

I74<>  08' 

<^ 

p           Remarks. 

g- 

I 

121         161°  4c/ 

1 

37°  W 

62°  03''  j 

III.    CONSTRUCTION  OF  THE    STEREOGRAPHIC 

PROJECTION. 

The  methods  of  plotting  have  been  much  simplified  by  the 
use  of  the  protractors  described  by  Penfield,*  which  may  be  ob- 
tained at  small  cost.f 

Usually  the  projection  is  made  upon  a  plane  at  right  angles  to  the 
vertical  axis  of  the  crystal.  In  such  a  projection.  Fig.  7,  any  face  P, 
for  which  ^  =  19^35'  and  p  »=  74^5 1',  lies  on  that  radius  ZN  which 
is  at  an  angle  of  19^35'  to  the  prime  meridian  BB,  and  at  a 
distance  ZP  from  the  "  polar  plane "  or  center,  which  is  the 
stereographic  value  of  74^51',  that  is,  equal  the  tangent  of  one 
half  p. 


*  Am.  Jour,  Set.  (4),  11,  I -24  and  I15-144.     1901, 
f  E.  L.  Washburn  &  Co.,  New  Haven,  Conn. 
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This  stereographic  p  is  obtained  directly  from  protractor  No.  L* 
Similarly  the  face  R  with  ip  =  64^48'  and  /o  =  53°io'  and  M  with 
ip  =  64^48'  and  p  «=  90®  are  plotted. 

Zone  Circles. 

A  series  of  faces  which  intersect  in  parallel  edges,  constitutes  a 
''zone?'  and  the  poles  of  these  faces  are  all  projected  in  the  same 
great  circle.     For  instance  B,  P,  R,  K  and  B  of  Fig.  7. 


Zones  are  discovered  by  protractor  No.  IV.,  t  which  is  pivoted  at 
the  center  and  revolved  until  a  series  of  poles  are  seen  to  coincide 
with  one  of  the  arcs  of  the  protractor. 

*The  protractor  No.  I.  is  a   scale   14  cm.  long  on  which   the  graduations  are 

**  stereographic  degrees,"  that  is  any  degree  a  is  at  a  distance  tan  -  from  the  center.    It 

therefore  will  measure  on  any  diameter  the  true  angle  between  projected  poles,  or  con- 
versely if  the  angle  and  one  pole  is  known  it  will  locate  the  second  pole. 

t  Protractor  No.  IV.  of  PenHeld  consists  of  a  sheet  of  celluloid  on  which  are  printed 
stereographically  projected  semicircles.  Every  tenth  degree  is  a  heavier  line  and  all 
pass  through  the  same  points  and  range  firora  the  straight  line  to  the  true  semicircle, 
with  a  radius  of  seven  centimeters. 
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It  is  customary  to  draw  the  more  prominent  zones,  and  since 
all  zones  are  projected  as  arcs  of  circles  and  always  intersect  the 
equatorial  in  two  points,  the  extremities  of  the  same  diameter,  the 
center  will  be  on  the  radius  normal  to  this  diameter  and  the  length 
of  the  zone  radius  will  be  found  by  counting  on  protractor  IV.  the 
stereographic  degrees  from  the  equatorial  to  the  zone  and  finding  the 
•corresponding  radius  upon  a  special  scale.  For  instance  protractor 
No.  IV.  shows,  in  Fig.  7,  that  the  zone  through  P  and  R  intersects 
the  equatorial  in  B  and  B  and  counting  from  the  circumference,  the 
zone  is  a  little  beyond  the  39  degree  arc.  The  radius  correspond- 
ing to  this  arc  is  found  on  the  Penfield  scale  No.  i.  Or  the  center 
S  of  the  desired  circle  may  be  found  directly  at  the  intersection  of 
the  normals  bisecting  B  B  and  P  B. 

IV.     DETERMINATION    OF    INDICES   AND   AXIAL 

ELEMENTS. 

The  position  of  the  pinacoids  and  the  unit  faces  being  known  in 
the  projection,  it  is  possible  to  determine  graphically  the  axial 
elements  and  the  indices  of  all  other  occurring  faces  with  sufficient 
accuracy  to  indicate  the  true  rational  indices.  Later  calculations 
check  these  so  that  one  series  of  calculations  is  saved  and  the 
graphic  results  also  serve  as  a  check  upon  the  others. 

A.    DETERMINATION    OP   INDICES    BY   ZONE   RELATIONS.* 

In  any  zone  through  a  pinacoid  the  ratio  of  the  two  indices, 
which  are  zero  for  the  pinacoid,  is  constant  for  all  faces  of  the 
zone : 

*  The  indices  of  a  face  at  the  intersection  of  any  two  zones  may  be  detennined  from 

the  indices  of  two  faces  in  each  zone.     Let  A/^/  and  A^Jk^/^  be  two  faces  in  a  zone. 

The  direction  of  their  intersection  is  expressed  by  [uvw]  in  which  \ir=:kl^  —  Ik^^  v 

=  W  —  hF  and  w  =  hk^  —  kh^.     These  values  are  easily  found  by  twice  writing  the 

indices,  striking  off  the  end  terms  and  reading  down  alternately  from  left  to  right  and 

from  right  to  left,  thus  : 

h     k   I   h    k 

XXX 
k^     k^  If  hfkf 

The  values  of  [u'v'w'],  the  symbol  of  the  second  zone,  are  found  in  the  same 
manner. 

The  values  of  {p^r),  the  desired  indices,  result  from  an  exactly  similar  cross  multi- 
plication of  [uvw]  and  [u^v^w^]. 

If  a  face  lies  in  a  zone  [uvw]  its  indices  must  satisfy  the  equation /u  -|-  fv  -f-  rw  =0. 
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Zone  through 
ooi 

lOO 

oio 


Constant 
h 
k 
k 
I 
h 
7 


905 


The  indices  of  a  face  at  the  intersection  of  two  such  zones  wilt 
result  if  in  each  zone  a  second  face  is  known.     The  desired  values 
001  jk  oiQ   may  be  obtained  by  writing  the 

indices  of  the  two  known  faces 
omitting  the  term  in  each  not 
part  of  the  constant  ratio,  and 
\^o  then  multiplying  the  correspond- 
ing pair  for  one  index  and  diag- 
onal pairs  for  the  other  two  in- 
dices. 

Example.     In  Fig.  8  let  the 
pinacoids  and  (in),  (310),  (30S.V 
and  (130),  be  known,  to  find  the 
indices  of  planes  projected  at  a 
b,  c,  d,  e^  /,  g^  h,  i,  k.    All  calcu-  on 

lations  are  either  like  h  in 
zones  [gig  3GS]  and  [igg  hi], 
or  like  i\n  zones  [goi  130]  and 

[IGO  III] 


3-  5 

XI 

-  I  I 

3  5  5 

I     3    - 

\l\ 
-II 

i~3~  3 


(355). 


i^{n3) 


Similiarly  ^  =  (315),  ^=(335).  ^=(395),  ^=(313),  ^  =  (131). 
/=  (ioi),^=s  (31 1)  and  k  =  (01 1).  By  considering  zones  through 
a,  b,  c,  d,  etc.,  other  indices  result. 

B.    GRAPHIC   DETERMINATION    OF   INDICES  AND   AXIAL 

ELEMENTS. 

Note. — For  any  face  hkl  the  zone  circles  through  001,  100  and 
GIG,  Fig.  9,  are  found  by  protractor  IV.  and  the  coordinate  angles* 

*  The  values  of  p  for  okl  and  ^o/  are  respectively  j7q  and  ^^  of  corresponding  hkl  in 
Goldschmidt's  **  Krystallographische  Winkeltabellen." 
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of  the  corresponding  A^,  oil  and  Ao/  planes  are  found  by  pro- 
tractor I. 

Principle  of  Graphic  Determination  by  Aio,  okl  and  hoi  Planes. 
If  XY,  Fig.  10,  is  a  quadrant  of  any  zone,  (7,  the  center,  and  P 
and  F,  two  faces  of  that  zone,  then  the  intercepts  RT  and  RT' 
made  on  any  line  R  W  normal  to  OX  by  the  face-normals  OP, 
OP  are  in  the  ratio  of  the  tangents  of  the  angles  71?^  and  VOR 

RT      tan  TOR 
respectively,  u  e,,  -j^  =  '^^foji  ' 

If  OX  and  OY  are  axes  RT  and  RT  are  in  the  ratio  of  the  Miller 
indices^  for : 

Let  the  dotted  lines  5i^and  SAT  be  drawn  parallel  to  the 
crystal  faces  of  which  P  and  P  respectively  are  the  poles. 


Fig.  10. 


Then  the  angles  OMS^  TOR  and  OM'S  =  TOR,  but 

tan  TOR      tan  OM* S       OM 


hence 


tan  TOR  "  tan  OMS  ^  OM' ' 

RT'  _  OM^     ' 
~Rf~OW  ' 
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That  is,  if  the  intercepts  of  the  faces  corresponding  to  P  and  P'  on 
OX  are  made  equal,  their  intercepts  RT  and  RT^  on  RWare  as 
the  reciprocals  of  their  intercepts  OM  and  OM'  on  Y,  that  is,  in 
the  ratio  of  the  indices. 

This  ratio  is  graphically  obtained  as  follows : 

RIV  is  so  drawn  that  R7  is  unity  of  some  decimal  scale,* 
then  R  T'  and  RT'\  determined  by  radii  through  planes  P'  and  P" ^ 
are  given  directly  on  the  scale  in  terms  of  RT,  In  the  drawing 
RT'^o.yjl  andie7^'  =  o.7. 

The  relations  are  simplest  when  P  is  a  unit  plane.     Then  the 

h    k        h 
readings  on  the  scale  line  are  the  ratios  -r,  7»  or  y 

Isometric,  Tetragonal  and  Orthorhombic  Crystals. 

Determination  of  the  ratio  -r      The  construction  for  the  hko  planes 

is  made  in  the  first  quadrant,  the  face  normals  having  already  been 

laid  oif  at  the  tp  angles. 

Example,  in  Fig.  1 1  let  Af  be  i  lo.     Taking  the  radius  as  unity 

of  the  scale  and  finding  T^as  before,  the  scale  line  -^T'is  drawn. 

h 
Then  the  ratios  t  for  the  prisms  and  pyramids  are  as  follows : 

h 
Prism  m  and  pyramids  d^f  g^  z  and  r,  t  =  i. 

h 
Prism  h  and  pyramid  /,  t  =  J- 

Prism  k  and  pyramid  j ,  t  =  J. 

If  the  intersection  of  a  given  face-normal  with  the  scale  line  is 

k 
beyond  the  limit  of  the  paper  the  ratio  t  may  be  obtained  from  a 

second  scale  line  R^  T^  drawn  through  a  point  7^  the  intersection 
of  BT^  and  the  unit  radius. 

Example  prism  A,  t  =  J;  j=2.     Prism -A^,  yf^i*  J'^^' 

Determination  of  ratios  -,  and  y.     The  constructions  for  the  old 

and  hoi  planes  are  conveniently  made  in  the  fourth  quadrant,  the 
p  angles  being  laid  off  from  A\    The  radii  CV  and  C7^'  for  the 

unit  domes  determine  the  scale  lines  for  the  ratio  y  and  j  respec- 
tively. 

*  The  radius  of  the  circle  is  a  convenient  unit. 
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Example,  Fig.  11, 

k  k 

o^/ planes,  z;,  ^  =  J     ^,     =  i, 

hoi  planes,  e,  7  =  J     ^'  7  ~  ^• 


Fig.  II. 


k       ^  h 
The  hkl  planes. — Either  find  7  and  7  by  a  graphic  determina- 
tion of  the  corresponding  okl  and  hoi  or  if  pyramids  in  the  same 
zone  are  compared,  obtain  the  indices  directly  from  p. 
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Example.     The  hkl  plane  s  \s  132  for  p  of  the  corresponding 

k  h 

okl  gives  J  =  f,  and  from  hoi  gives  1-  =  J,  or  in  comparison  with 

/ 
known  pyramid  hkl  (131)  gives  77=  f . 

As  in  hko  planes,  a  second  scale  gives  may  be  drawn  from  7]' 

/       / 
or  T('  parallel  to  A'C  for  determining  the  ratio  j  or  v. 

Determination  of  Axial  Elements.     Ofthorhombic.     Taking  ^  = 
I  =  CA^  then  AT==  a  on  the  same  scale.     Similarly,  if  ^=  i  = 

CA,  then  c  =  A'T,\    Similarly,  if  ^  =  i  =  G5,  then  Br'  =  ^. 

Tetragonal,    c  as  in  orthorhombic.     If  />  of  1 1 1  is  laid  off  A'T^ 
=3  1. 4142 r. 

Hexagonal  Crystals. 

For  any  face  hkil  the  zone  circles   through  0001,   loio,  and 


Olio,  Fig.  12,  and  the  coordinate  angles  of  the  corresponding 
hkio,  o/M,  and  hohl  planes  are  found  by  protractors  I.  and  IV. 

All   faces  in  the  zones   through  oooi,   loTo,  and  oiTo  have 
constant   ratios  for  the  indices  which   are   zero   in  the   planes 

mentioned. 

h 
For  a  zone  through  00(0)1,  jis  constant  for  all  faces. 

-  k 

For  a  zone  through  io([)o,  j  is  constant  for  all  faces. 

-  h 

For  a  zone  through  01(1)0,  jis  constant  for  all  faces. 
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The  method  of  finding  these  ratios  is  essentially  as  described  on 

page  12,  but  it  is  convenient  to  omit  the  third  index. 

Example,    hk'tl  lies  in  the  zone  loTo :  022 1  and  also  in  the  zone 

-  -  k       2  hi 

01 10: 1 121.     By  the  fiist  zone  7  ==  r,  by  the  second  zone  7  =  7' 

Writing  the  three  members  hkl^  omitting  1 


—  2  I 
I  —  I 

I   2    I 


hkl^  121        hkll^  1231. 


Determination  of  ratio  -v.     From   the  projections   of  01 10  and 
loFo,  R  and  R,  Fig.  13,  draw  lines  ie^and  RT  parallel  to  CR 


Fig.  13. 


Fig.  14. 


and  CR  respectively.     Intersections  of  radii  through  hkd  or  hfho 

h 
on  -XT' will  give  the  ratio  t  directly  as  RT^^  CR  =  unity  of  scale. 

Similiarly  radii  on  i?' 7"  will  give  t. 

k        h 
Determination  of  ratio  j  or  j.     Lay  off  the  angles  from  A'. 

If  CB,  Fig.  14,  is  the  unit  of  the  scale,  the  intersection  7  of  the 

VOL.  XXIV. — a. 
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T' 


tangent  and  the  radius  through  the  unit  face  will  give  RTsz  i  and 

Other  intercepts  on  the  scale  line  such  as  R7^  will  be  j.     This    is 
true  in  any  vertical  zone  if  p  of  the  plane  in  that  zone  in  which 

*  or  2  is  used  to  determine  the  position  of  the  scale  line  R7. 

Determination  of  the  Axial  Elements.  Up  of  nil  is  used  and 
CA'  =  a,  then  the  tangent  A'M=  c,  measured  on  the  scale.  See 
Fig.  14.     Up  of  loTi  is  used,  4'Mx  0.866=  c. 


h 


Monoclinic  System. 

Determination  of  Ratio  j.  Prisms  are  determined  as  in  the  ortho- 
rhombic  system.  For  pyramids  the  corresponding  prisms  are  found 
by  protractor  IV.  on  zones  through  001  which  are  no  longer  radial. 

T  R  T  T" 


Fig.  15. 


n 

Determination  of  Ratio  7.     In  *  the  fourth  quadrant  draw  radii  at 

♦Proof.     Let  XY  (Fig.  18)  be  face  loi,  X'  V,  face  ^o/,  OY  normal  to  O^,  the 
axis  d  and  OC,  the  axis  c .     The  triangles  TO/d  and  XO  Y,  are  similar,  hence 


OX      c       o-    -I    1    ^^      ^'        XT  RT^^OR      hc^a 


OR 
RT  _h 
7 


•  '  RT 


When  ^7-=  I,  ^7^  =  -:. 
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angles  p  to  CA  for  planes  cx)i,  loi,  Ao/,  etc,  Fig.  15.     Draw  a 

line  parallel  to  CB  such  that  -S 7  =  unit  of  scale  line.    Then  RT'  = 

h  h'     -^       ^      ^       h 

jfRI ''  =  77  RT^i  =  lyRT^  r=  2  on  the  same  scale. 

Determination  of  Ratio  -, . — Graphically  find  p  of  an  imaginary 

corresponding  face  M  on  Zfi,^Fig.  16,    Then  determine  as  in  the 
orthorhombic  system. 

\010 


Fig.  16.  Fig.  17. 

Determination  of  the  Axial  Elements.  For  p,  measure  the  arc 
icx) :  001  with  protractor  No.  i.  For  a  and  c  lay  off  in  the  fourth 
quadrant,  Fig.  17,  /?  of  an  imaginary  face,  M^  found  Jas  described 


Fig.  18. 
above,  then  if  CA'  =  ^  =  i,  the  tangent  A'T^c. 

nation  of  the  ratio  t,  Fig.  15,  if  RT^  i,  CR^  -. 


In  determi- 


20 


THE    QUARTERLY. 


h 


Triclinic  System. 

Determination  of  Ratio  7. — Draw  in  the  first  quadrant  radii  at 
angles  <p  to  ZB^  Fig.  19,  for  planes  1 10,  hko,  etc.   Draw  a  line  parallel 

to  ZA  so  that  RT=^  unity  of  the  scale  line,  then  RT'^  t  and  RT" 

=  p.    {h'k'o  corresponding  to  h'k^P  is  on  the  great  circle  through  C.) 

k 
Determination  of  Ratio  j. — Center  protractor  IV.,  its  diameter  co- 
inciding with   diameter  AA* ,     Determine   on  what  great  circle 


Fig.  19. 
(measuring  in  degrees  from  center)  001  and  any  face  involving  a 

k 
ratio  7   lies.     These  distances  in  stereographically  projected  de- 

gree  are  angles  for  imaginary  planes  e,  f  g,  A,  etc.,  projected  on 
the  diameter  normal  to  AA', 
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Draw  radii,  Fig.  20,  at  angles  p  from  the  vertical  for  e,  /,^,  A. 
Draw  a  line  parallel  to  OB  so  that  RT  ^  unity  of  scale,  then 


Fig.  20. 


Fig.  21. 
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h 
Deiermmation  of  Ratio  j- — As  before,  but  e,  /,  g^  h,  are   now 

imaginary  planes  on  a  line  normal  to  BB\ 

Deteftnination  of  Axial  Elements. — Measure  a  and/9  by  protractor 

No.  I  on  radii  90^  from  desired  angles.     For  instance  in  Fig.  21 

a  =  DE  if  AE^  90° ;  /9  =  FG  if  BG  =  90°,  y  is  equal  to  the  angle 

between  the  tangents  to  the  arcs  AA'  and  BB'  at  C     In  construc- 

k         h  b         a 

tions  for  J  and  y,  Fig,  20,  if  ^7  =  i,  OR  =  -  and  -  respectively. 

C.     CALCULATION   OP   AXIAL   ELEMENTS   FROM    THE 

MEASURED   ANGLES. 

While  for  the  purposes  of  identification  the  graphical  solution 
will  often  suffice,  all  descriptions  of  new  crystals  or  other  work  for 
record  requires  calculation  of  the  axial  elements  from  as  many 
measured  angles  as  possible  and  an  averaging  in  which  proper 
weight  is  given  to  sharpness  of  reflection  and  other  considerations. 

Tetragonal  Elements.     ^  >  ^,    /is  index  on  c . 

/  , 
ohl  ^  =  -  tan  p. 

k 


bbl  ^  =  T  0.7071  tan  p. 

ft 

kbl*  c  =  -  sm  f  tan  p. 

Hexagonal  Elements.     h^k\  h-i^  k^i\  /is  index  on  c, 

bobl  c  =  0.86602  —  tan  p, 

h 

I 
h'h'^h'l  ^  =  — -  tan  />. 

2h        ^ 

bkil  ^  =  -r  tan  p  cos  (30®  —  (p). 

Comparison  with  Goldschmidfs  Orientations  G.  and  G^, 


Q  \9^9\  P"^  P\     hkU^  hkil\ 
'  (  c  Golds 


^  \  c  Goldschmidt  =  ^  v^3  of  formulae. 


Face  of  form  \  hkl\ 
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<p  Goldschmidt  =  30°  —  ^  of  formulae. 
A  Goldschmidt  =  A  +  2^  of  formulae. 
i  Goldschmidt  =  A  —  ^  of  formulae. 


Orthorhombic 

Elements. 

bko 

^  =  -  -  cot  0, 
k 

okl 

^  =  -  tan  p. 
k 

bol 

a      h      ^ 
.-=      cot/>. 
^       /         '^ 

bkl 

^   S3    -  -     cot    ip, 

k 

t  =    -  COS  <p  tan  /o. 


Monoclinic  Elements. 

h    cot  c> 
k    sin  /9 


li^o 


/ 
okl  c^~  cos ^ tan p, 

k 

k 
cot  )9  =  r    -  tan  ip. 


hoi 


hoi 


a       h         cos  p 


c        I     cos  (^  +  />) 

a      h  cos  /o 

C       I      COS  {fi  ~-  p) 


JklrJ  ^  =  T  cos  ip  tan  /o. 

tan />*" s=  sin  c)  tan  p  :  then  -.from  hoi. 

c 

Altl  ^  =■  7-C0S  f  tan  />. 

k 

tan  />*''"  =  sin  cp  tan  /> ;   then  -  from  hoi. 

c 
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Triclinic  Elements.     Signs  of  angles  and  functions  must  be  con- 
sidered. 


ooi 
okl 
hoi 

lOO 


hko 


hko 


okl 


okl 


hoi 


hoi 


hkl 
hkl 


hkl\ 
hkl) 


cot  ^  ss  sin  ^  tan  p. 

cot^  =  sin  ^tan  p. 

cot  a  =  sin  {<p^^  —  ip)  tan  p. 

cot  a  =  sin  {ip  —  ip^^)  tan  p^, 

cos  Y  =  cos  ip  sin  a  sin  ^  —  cos  a  cos  j9 

<i  =  7  (cot  BCL  sin  y  +  cos  7*)  in  which 

BCL  =  BCZ  d=  LCZ ;  *  cot  BCZ  =  cot  y~*  cos  />*^ 

cot  LCZ  =  cot  (y)~'  -  ^)  cos  p«^* 

a^j (cot  BCL' sin 7*  —  cos x) in  which 

BCL'  precisely  analogous  formulae  as  for  BCL 

/ 
^  =  -  [sin  {ip^^  —  ^)tan /t>sin  a  +  cos  a] 

<:  =  7  [sin  (f  ^*^  —  ip)  tan  />  sin  a  —  cos  a] 

-  SB  y  (sin  f?  tan  />  sin  j9  -f  cos  ^) 

^:       / 

-  ss  7  (sin  f  tan  /?  sin  j8  —  cos  ^) 


J*  I-     Substitute  ip  and  /)  in  formula  under  hoi. 


Substitute  tp  and  p  m  formula  under  hoi. 


D.  CALCULATION  OP  COORDINATE  ANGLES  IN  TERMS  OP 
CALCULATED  ELEMENTS  AND  GRAPHICALLY  DE- 
TERMINED INDICES. 

The  proof  of  the  accuracy  of  the  graphic  determination  of  the 
indices  requires  the  placing  side  by  side  of  the  calculated  and  the 
measured  angles  of  each  face.  If  then  the  differences  are  not  in 
excess  of  two  or  three  minutes  for  faces  yielding  fair  reflections  and 

*  As  shown  from  the  projection.     Fig.  27. 
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say  ten  minutes  for  faces  yielding  very  blurred  images  the  indices 
may  be  assumed  to  be  established. 

Isometric  Coordinate  Angles  *  h>  ky>  I. 
For  any  form 

1st  index  3d   index  3d  index    . 

^  **.  2d  index  '  ^  ""  2d  index         ^'      ist  index         ^* 


(^  oil  Ohh 


Fig.  22. 
Isometric  planes  with  ^^3,  /^  =  2y/=i. 


Tetragonal  Coordinate  Angles.!    h> k.     /is  index  on  c. 


hhO 


Fig.  23. 
Tetragonal  Planes  on  Zircon  Elements  and  ^  =  15,  i=  5,  /=  3. 

*  The  coordinate  angles  for  all  known  isometric  forms  maj  be  fouid  under  the  yarious 
isometric  minerals  in  Goldschmidt's  "  Winkeltabellen.'' 

j*  ^  is  independent  of  axial  elements,  both  in  tetragonal  and  hexagonal.  Values  of  ^ 
for  different  indices  are  given  in  Goldschmidt's  "  Winkeltabellen,"  p.  25,  where 
h 
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okl 

bhl 
kbl* 


cot  ip  =  -T 


h 

k 


<p-=o 


tan  p  SB  c-j  , 


9 
cot  (p 


45° 
k 


tan  p  = 
tanp  =s 


kc 

I.4I42y 

/  sin  (p' 


Hexagonal t  Coordinate  Angles. 

i  —  h 
bkio  tanf  =  1.732  r—j, 


/i'>  i.     I  is  index  on  c 


/?=90°. 


hohl 


V?  =  o°, 


oooi 


A 


tan  />=  1.1547^^- 


ioTi 


MSft 


Fig.  24. 
Hexagonal  Planes  on  Beryl  Elements  and  h 


=  3,  ^  =1,  /=4. 


liiii  tan  ^=  1.732 ^.r^, 

Orthorhombic  Coordinate  Angles. 
hko  cot  if^d-T 


tan  jO  =s  2  y  ^ . 

^"  /  cos (30°  —  ifY 
hf  kf  I  in  order  d^b^c. 


p^go' 


okl 


y  =  0' 


tan  p 


"7- 


*  Faces  of  forms  {hko}  {hki}, 

f  For  relation  to  angles  in  Goldschmidt's  Winkeltabellen,  see  p.  22. 
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hoi 


bkl 


y  =  90^ 


cot  f  =s  a-r 


tan/>  =  -T 


tan  p  =  -j 


a  r 

k     c 

I  COS  ip 


OWL       on 


Fig.  25. 
Orthorbombic  Planes  on  Anglesite  Elements,  and  A=:^,Jk=.2f  /=4. 

Monoclinic  Coordinate  Angles.     A,  k,  I  in  order  a^'b,  c  , 


001 


p  =  90^ 


tan  p  =  sin  ^***'  tan  p"^  =  cot  /9 


hko 


Itol 


hoi 


cot  ^  =  a  T-  sin  j8 


okl  cot  f^c-j  tan  j9 


f  =  90* 


y  =  90^ 


p«90^ 

tan  p^  -r 

'^        I  cos  <p 

k  b     I 

tan o  =  -7  .  -r- .  -T-^j  +  cotii 

h     c      \  ^ 

tan/>  =  -7  .-;-  -7-^  —  cotij 

^       /    a  smp  ^ 

k       c 

tan p^  -J. 

'         /    cos  ip 

k     c 

tan/os  -7 . 

'        /  cosy> 
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Fig.  26. 
MoDoclinic  Planes  on  Amphibole  Elements  and  ^  =  2,  ^  =  3,  /=  z. 

Triclinic  Coordinate  Angles.    A,  k,  /in  order  a,  *,  ^. 

The  known  elements  and  indices  with  the  addition  of  ^  of  100 
(the  interfacial  angle  AB)  yield  the  following : 


OCT 


hlio 


hko 


cot  f  =s  — 


cot  a 


^lOO  . 


+  cot  f '"" ;  tan  /o  =  ~ 


cot/9 


sin  y *^  cot  ^  '      '         •       sin  y 

k  h^k 

cot  y  =  -T  cot  y"®  +  -T—  cot  f '",     />  =  90®. 

k                     h—'k 
cot  y  =  -7  cot  ^  ^"^^^ ,—  cot  if^^,     p  =  90°. 


h 


okl 


cot  <p  ^  — 


k 

-J  c  ~~  COS  a 


.100 . 


sin  a  cot  ^  sin  ^'^ 


+  cot  f>*"" ;  tan  /?  =  — 


cot^ 


smf 


olri 


cot  f>  s=  - 


-J  ^  +  COS  a 


aoo . 


hoi,  cot«>  =  -7 — 


sin  a  cot  ^  sin  ip^^ 
cot  a  sin  /9 


+  cot  f  *"" ;  tan  /o  =  — 


cot/9 


aoo. 


I  y COS  /9 1  sin  f  *^ 


+  cotf "";  tan /o  =  - 


sin^ 
cot  a 


sin(^^**  —  <p) 
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cot  a  sin  /? 


*"'' ''°'  <"  =  7X7 


100. 


(-J--  +  COS /9)  sin  ^^~ 


+  cot  ^"" ; 


tan/)=  — 


cot  a 


I -T  ^  —  cos  a  j  sin  j9 

bkl  cot  f  =  -^-^ +  cot^^«^; 

I -7* COS  i9  I  sin  a  sin  fp^^ 

\l  a  ^/  ^  he 

-7- cos  a 

la  ^ 

tan/>=« 


sin  (p  sin  /9 


A  7(^0 


Fig,  27. 
Triclinic  Planes  on  Chalcanthite  Elements  and  A  =  3,  i  ==:  6,  /=  2. 


if  1:1,  cot  ^  = 


I  y  r  —  cos  a  j  sin  )9 
I  y  • — h  COS  )9  I  sin  a  sin  f  ^°** 


100 . 


+  cot  ^*"" ; 


tan  />  = 


-T- — h  cosi3 
sin  ^  sin  ^ 
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lilri,cot^  =  -^ 


ly^  +  COS  ^  j  sin  ^ 


100. 


l-T. cos  j9  I  sin  asm  ip^^ 


—  cot  f '^  ; 


tan/os= 


bkhCOtf^y^ 


I -J  ^  +  COS  a  I  sin  ^ 


-7- cos  p 

la  ^ 

sin  ip€\x\^ 


100  . 


I -y  • h  cos  ^  j  sin  a  sin  ^^^ 


-  cot  f)'"" ; 


tan/t>  = 


-7- — h  COS  a 

la  ^ 


sin  <p  sin  j9 

E.  TRANSFORMATIONS. 

It  will  frequently  happen  that  the  first  orientation  chosen  is  not 
the  one  finally  adopted. 

Transformation  to  any  New  Polar  Plane  and  New  Meridian. 
In  Fig.  28  let  C  and  O  be  respectively  old  and  new  polar  planes; 


Fig.  28. 
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CB  and  C'B\  old  and  new  prime  meridians  and  X  any  face.     Let 

9P9  9**p''  and  ^'"^'"  be  the  coordinates  respectively  of  X^  C  and  B' 

referred  to  the  old  origins  and  <p'p*  the  new  coordinates  of  X. 

Then  *  cos  />'  =  cos  p  cos  p''  +  sin  p  sin  p''  cos  (f  —  ip"\ 

.     ,          ,       cos  p  cos  io'"  +  sin  o  sin  /?"'  cos  (tf>'"  —  w\ 
And  cos  ^'  = = 1 — r^ ^^^ -\ 

^  sm  p^ 

Special  cases. 

New  pole  at  B.     cos  p'  =  cos  ip  sin  />  -    (y"  =  0°  ;  />"  =  90°). 

New  pole  at  A,     cos  p'  =  sin  ip  sin  p     (ip''  =  90°  ;  p"  =  90°). 

cos  /O 
New  meridian  at  C,     cos  ip'  =  -. — r       lip'"  =  0°  :  />'"  =  o°V 

^        sm/o'       ^^  '  '^  ^ 

-_  . ,.  >.  #      sin  p  sin  ^,  ,,,  _      ,,, 

New  mendian  at  A,     cos  ip'  =  — -, ^  (^'"  =  90° ;  p'"  =«  90°). 

-..T  . ..  T^  #      sin/? cose?,  ,,,         _     ,,,  ^- 

New  meridian  at  B.    cos  ip'  =  — 7 — j-^  [ip'"  ^Qr\p"'  z^  90  ). 

Graphic  Check  on  Transformation. 

With  the  aid  of  protractor  II.  we  may  find  the  new  coordinate 
angles  tp'  and  p' ^  for  each  face  graphically,  thus  checking  the  above 
calculation. 

Draw  diameter  C'CD  through  new  pole  C,  Fig.  28.  Locate 
R  on  this  diameter  so  that  RD  =5  CO  (in  stereographic  degrees  by 
protractor  No.  I.),  thus  making  OR  =  90°.  Draw  a  great  circle 
through  R  and  B'^  the  new  meridian  face.  Then  the  new  coordinate 
angles  <p*  and  p^  are  easily  found,  ip'  being  measured  on  B'R  (the 
new  equatorial),  by  protractor  No.  II.,  and  p*  on  the  great  circle 
through  O  and  the  given  face  by  the  same  protractor. 

Transformations  by  Means  of  Indices. 

From  the  original  indices  of  the  planes  which  in  the  new  orien- 
tation are  to  be  (010),  (001),  (icx)),  determine  the  symbols  of  their 
intersections  (that  is,  their  zone- symbols), 

[uvw],  [UjV^wJ.  [u,v,w,.] 

Then,  if  the  symbol  of  any  face  referred  to  the  old  axes  is  hkl^ 
its  new  indices  Aj,  k^^  Z^,  will  have  the  following  values.f 

*  In  CC'X  know  two  sides  and  included  angle. 

In  B'CX^  cos  B^X=  cos  p  cos p^^^  +  sin  p  sin  //^^  cos  (4f'''  —  ^) • 

In  B'OX,  B'Cf  =  900  ;  B'aX=,  0. 

f  Miller.     Teratiseon  Crystallography,  p.  1 7. 
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Aj  =r  Au  +  Av  +  Aw. 

F.     TWINNED  CRYSTALS. 

Poles  of  corresponding  faces  on  twinned  individuals  will  be 
equally  distant  from  the  pole  of  the  twinning  plane.  The  zones 
connecting  pairs  of  such  poles  will  intersect  in  the  pole  of  the  twin, 
ning  plane.  Graphically  therefore  protractor  No.  II.  will  often  re- 
veal the  twinning  plane. 

If  ip"^  and  p^  are  the  coordinate  angles  of  the  twinning  plane  and 
^t  p»9t  Pt  the  coordinate  angles  of  corresponding  faces  of  the  two 
indivduals  then 

sin  <p  +  M  sin  ^  .       ,  .  ,    ,,      sin  7f 

tan  <p^  =  ^        ,^ ^in  which  M^  -,  -^. 

cos  <p  +  M  cos  <p  sm  p 

cos  p  —  cos  p     .       ,  .  , 

tan  p^  =  -——, — ^   .    _  m  which 

R  sm  p  —  S  sin  p 

R  =  cos  {if''  —  (p)  \  5"  =  cos  (^  —  f ^  ). 

V.  OBTAINING  COORDINATE  ANGLES  FROM 

INTERFACIAL  ANGLES. 

One  Circle  Measurement. 

In  spite  of  the  great  advantages  of  the  two-circle  goniometer,  it 
is  sometimes  more  convenient  to  determine  the  morphology  of  crys- 
tals by  interfacial  angles  obtained  from  the  one-circle  goniometer. 
The  usual  methods  of  one-circle  measurement,  involving  a  read- 
justment for  each  zone,  and  the  calculations  for  indices,  elements, 
and  angles  by  the  solution  of  spherical  triangles  and  by  special 
ormulac  are  given  in  most  books  on  crystallography. 

For  record  and  comparison  the  coordinate  angles  are  more  useful 
than  the  interfacial,  and  in  many  cases  it  would  seem  advisable  to 
transform  the  interfacial  angles  to  the  coordinate  by  means  of  the 
formulae  following  and  to  use  the  coordinate  angles  so  obtained  in 
the  calculation.* 

As  a  check  on  the  transformation  the  one-c  ircle  measurements 
may  be  plotted  and  the  coordinate  angles  graphically  determined. 

*  Unless  exact  results  are  required  the  graphically  determined  codrdinate  angles 
suffice. 


METHODS  FOR   DETERMINING   CRYSTALS.       33 

Projection  from  Interfacial  Angles. 

Angles  in  the  prismatic  zone  are  laid  off  in  their  true  value  on 
the  equatorial.  Angles  in  vertical  zones  are  laid  ofT  with  protractor 
I.  The  zone-circles  connecting  poles  of  faces  of  these  zones  will 
contain  most  of  the  other  planes.  Angles  of  these  zones  may  be 
laid  off  by  protractor  I.  or  by  the  usual  method.* 

In  general  the  projection  of  any  face  Ail  is  determined  by  the 
angles  it  makes  with  the  projection  of  two  known  faces.  The  pole 
of  the  desired  face  lies  at  the  intersection  of  two  circles.  A  radius 
is  drawn  through  the  pole  of  the  known  face  and  the  distance  in 
stereographic  degrees  from  the  required  face  is  laid  off  on  each 
side  of  the  pole  with  scale  No.  3.  f  A  circle  (or  arc)  with  its  center 
midway  between  the  extreme  points  and  with  a  radius  equal  to  the 
distance  of  one  point  to  the  center  gives  the  locus  of  all  poles  which 
are  at  the  required  distance  from  the  desired  face.  Similarly 
another  circle  is  drawn  about  the  other  known  pole.  The  inter- 
section of  the  two  arcs  will  give  the  desired  pole.  In  general  there 
will  be  two  intersections.  To  decide  which  is  the  proper  one  is 
generally  easy  from  an  inspection  of  the  crystal. 

If  the  known  pole  is  on  the  equatorial  it  is  more  convenient  to 
find  the  radius  of  circle  (which  is  now  a  small  vertical  circle)  from 
scale  No.  2.  The  center  of  the  circle  is  on  the  prolonged  radius 
through  the  known  pole.  One  point  of  the  circumference  of  the 
circle  is  on  the  divided  circle  equal  to  the  desired  angular  distance 
from  the  known  pole.  With  the  radius  determined  from  scale  No 
2  the  center  of  the  circle  is  found. 

In  triclinic  projections  the  angles  a,  fi  and  ^^(100 :  oio),  Fig.  2y, 
fix  the  position  of  the  three  pinacoids  and  the  zone  circles  through 
them,  a  and  p  are  measured  on  radii  90^  from  A  and  B  respectively 
by  protractor  No.  I.,  Fig.  21.  Prisms  are  laid  off  directly  on  the 
equatorial.  Domes  are  located  on  the  zone  circles  BC  and  AC  by 
scale  No.  2  as  just  described. 

Isometric  System.     h:>k>L    See  Fig.  22. 
Far  any  face  pqr. 

P^\  (/^r  \Yqr)  =  90°  -  J  i^pqr  -  pqr). 


*  Moses,  "Characters  of  Crystals,*'  p.  22. 
f  On  sheets  described  by  Prof.  Penfield,  /.  c, 

VOL.  XXXV. — 3. 
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For  the  faces  Ikh^  Ihh,  khk 

.—   sin  X                    .           sin  Y 
cot  ^  =s  I  +  \/2-   -; — ^  sin  p  =  - . 

^  sin  Y  ^       sin  ip 

X  =  \{lkh :  klh)     \{lhh :  UK)     \(khk :  hkk) 
Y=  ^JkitU^kh)  °^  \(Jhh:M)  ^^  \(kkkTIhk) 

Tetragonal  System.    h'>  k.    See  Fig.  23. 
/^  ^2«y  yir^  pqr. 

P  =  i(/>^^ :/^^)  =  90""  -  \{pqr\pqr\ 
kbo  <p  =  ^{kko :  klid)  p  =  90° 

^^K^""  ^\{kho\hkd) 
hhl  f  =  45°  sin  /w  =  \/2-  sin  J(AA/ :  hhl\ 

=  \/2-cos(//A/:oio). 

,-  sin  liklU :  hki)      .  sin  Ukhl :  "k/il) 

hhl     cot  cp  =  I  +  ^2     -  ^^ _-^    sin  o  =        ^^v       ^. 

^  sinJ(>^A/:/^A/)         ^  sin  ^ 

.—  sin  ^(^A/ :  hkl )  cos  (^A/ :  01  o) 

can  cp  5^  I  ~~"  \^  2  '       /'i  /  7  "^    \  ^*  '  ~'         • 

^  cos  (^/// :  o  I  o)  cos  if 

_s\n\{khi:hkl) 
"  sin  (45°  ■^^)' 

Hexagonal  System.     /t'>  k,  A  +  k  =  i.     See  Fig  24. 
hkio  ip  =  30°  —  \  {hkio  :  khio)  p  =  90°. 

=  ^  (Jikio  :  /^Ao) 
hohl  ^  =  0°  sin  /?  =  2  sin  |^  {kohl:  ohkl) 

=  1.1 547  sin  ^  (//oA?  :  h/iol). 

hhiihl       (p  =  30°  sin  /?  =  2  sin  \  {klnhl :  h2hhi) 

*  •  T.        ^  .    2  sin  V  .  sin  S 

liWi    cot  <p  —  1.732  H —  —  sin  />  = 


=  0.5773  + 


sin  S  sin  <p 

1. 1 547  sin  R  sin  V 


sin  S  sin  (30°  —  f) 
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2  COS  T  sin  R 

^^f^   TTX:/ =^T  ~   ^-732        sin  p  sr  -^—r^-Q ^. 

^       COS  {AJkti  •  loio)  ^       sm  (6o®  —  f)    - 

cos  T 
cos  (30°  —  <p) 
__  COS  (Akl/:  lOio) 
cos  f 

V  =  ^  (^hkU:  khil)     COS  T  =  sin  R  +  sin  S. 
Orthorhombic  System.     See  Fig.  25. 

hoi  f  =  90°  /^  =  i  (^^^  •  ^^^) 

sm  ^  (/r^/ :  hkl) 

cos  (A^/ :  100)  sin  \  {hkl :  M/) 

""  cos  (/ikl:  010)  "  ~  sin  ^ 

""  cos^ 

cos  {/tk/ :  1 00) 
sin  ip 

cos  (//it/:  010) 
cos  ^ 

Monoclinic  System.     See  Fig.  26.     /9=  (001  :  100). 
bko  ^  =  i  (^^^^  '  hkd)  i»  =  90^ 

okl         sin  ^  =  cot  p  cot  /9  cos  />  =  cos  |^  (^^/ :  ok/)  sin  ^ 

=  cos  {ok/ :  100)  tan  ^ 
bol  f  =  90°  jr>  =  90°  —  {/to/ :  100) 

bol  f  =  90°  p  =  90°  —  (//^/ :  1 00) 

cos  (/ik/ :  100)        .  cos  (/ik/  :  010) 

bkl  tancp  =  —   ;r,> ^.      sin  P  = - 

^       cos  {nki :  o  I  o)  *  cos  <p 

cos  {kk/ :  1 00) 

~"  sin  ^ 
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_                          cosQtkliiod)        .           cos(A^/:oio) 
hkl  tan  tf>  =     -  -^  -     '-      sin  «  =s  -     -^ ^ 

^        C0S{kkl\Q\0)  COSf 

COS  (hkl :  lOO) 
~  sin  ^ 

Triclinic  System.     See  Fig.  27.     \S  =  i(/l5  -^  BC  +  AC). 


cot 


«  ^     (sin  ( 
2      N~~si 


(^5" -^Q  sin  (^5  -  AB) 
sin  ^5  sin  (J5  —  BC)  « 


^  a  sin  {\S  —  ^C) 

cot  -  =  cot r-  /--^ >f  >^\» 

2  2  sm  (^S  —  AC) 

y  a  sin  (\S  —  ^Q 

,^.  cot  BC        .  cos  BC 

ooiiC)  cot^s ,      sm/>=s  , 

"^  ^        cos  ^  ^  cos  (p 

cos  /o  =  sin  a  sin  /I  C, 

,  -^v  cot  -fi//'        .  cos  BH 

okli/i)  cot  ^  as ^-      sin/>  =  - , 

^  ^         cos  ^  ^         cos  <p 

cos  ^// 

~  cos  df^^  —  ^)' 

okl{H')     Substitute  H'  for  //"  in  above  formulae. 

/  Kr\  cos  5A!^  *     A  t^ 

hol(K)    cos  ^  =  ^  .—    -  cos  /o  =  sm  a  sm  yiA. 

sm  /f> 

fiol(A7)    Substitute  AT  for  AT  in  above  formulae. 

,  „.      ^  cos  -4/^  .  o      .  cos  AP 

hkl(P)      tanf= dti-  — ^i  £>— ^ot  ^^,    sm/)=-— -. 

^   ^  ^      cos  BP sin  AB  '         ^       cos(-^i?  — y) 

cos  ^P 


cos  ^ 
COS  LP 


cos  (5Z,  —  f ) 
iW(/^)     Substitute  /!',  /^,  and  Z'  for  -^,  P,  and  L  in  above. 
Ati(/^')    Substitute  A\  B\  F',  and  U'  for  ^,  i?,  P,  and  L  in  above. 
hkl{P")  Substitute  B',  F'\  and  Z'"  for  B,  P,  and  Z  in  above. 
Columbia  University  in  the  City  of  New  York,  June,  1902. 
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SOME  NEW  WORK  ON  PROPERTIES  OF  EXFJl-OSIVE 

MIXTURES. 

By  CHARLES  E.  LUCKE,  M.S.,  Ph.D. 
Mechanical  Engineering  Department. 

The  Apparatus. 
All  work  in  the  experimental  study  of  heat  is,  as  is  well  known^ 
very  difficult,  calling  for  most  careful  observations  with  apparatus 
sometimes  impossible  to  construct  with  sufficient  accuracy,  and 
always  expensive  even  to  a  slight  degree  of  accuracy.  The 
study  of  the  characteristics  of  explosive  mixtures  is  no  exception 
to  the  rule,  partaking  of  the  general  difficulty  of  all  heat  work, 
that  of  isolation  of  phenomena  of  observation,  and  the  prevention 
of  the  manifestation  of  more  than  one  at  a  time.  In  most  cases 
each  experimenter  has  designed  and  constructed  apparatus  of  his 
own,  and  in  no  case,  it  seems,  has  any  one  used  instruments  first 
employed  by  a  predecessor.  It  is  probably  due  to  this  that  the 
results  of  different  observers  do  not  always  agree.  In  none  of 
the  researches  does  there  seem  to  have  been  adopted  a  sufficiently 
direct  and  simple  means  for  obtaining  all  the  results ;  having  an 
instrument  to  measure  one  constant  the  observer  his  rested  con- 
tent with  COMPUTING  others  equally  important,  which  were  mathe- 
matically related,  though  these  computed  values  might  also  have 
been  observed  directly.  As  actual  trial  has  shown  that  the  results 
obtained  by  this  process  of  computation  of  constants  from  ob- 
served values  of  some  other  related  constant  is  not  always  reliable, 
introducing,  as  it  generally  does,  a  multiplied  error  if  not  involving 
unproved  assumptions  of  interrelation,  it  seemed  desirable,  (i), 
that  each  constant  needed  be  measured  directly  under  well-defined 
conditions,  and  (2),  that  the  apparatus  for  the  measurements  be 
made  simple  enough  for  duplication  by  others  whose  observations 
could  act  as  a  check  on  the  results.  In  this  reduction  to  simplicity 
it  is  essential  that  the  apparatus  be  so  constructed  as  to  permit  qf 
measurements  on  the  mixtures  under  as  nearly  the  same  condi- 
tions as  found  in  engineering  practice  as  was  possible.  Such  a 
set  of  apparatus  once  set  up  in  a  laboratory  can  be  used  to  rapidly 
determine  what  is  wanted  from  time  to  time  as  occasion  might 
demand,  and  the  results  could  easily  be  checked  up  by  other  ob- 
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servers  on  the  same  or  duplicated  apparatus.  The  actual  construc- 
tion should  involve  little  or  no  machine  work,  and  the  instruments 
of  observation  must  be  those  in  common  use  in  the  general  engi- 
neering laboratory. 

The  results  of  the  work  on  continuous  explosive  combustion  of 
gaseous  mixtures  furnished  a  ready  means  for  obtaining  burnt 
gases  for  dilution  of  mixtures  of  otherwise  known  composition 
of  air  and  gas.  The  action  and  appearance  of  the  Are  itself  fur- 
nishes a  very  good  and  simple  means  for  determining  the  propor- 


tions being  fed,  and  hence  the  character  of  the  products  of  com- 
bustion, whether  oxidizing  reducing  or  neutral,  within  limits  pretty 
close ;  much  closer  than  we  can  attain  to  constancy  in  gas-engine 
work. 

For  a  constant  pressure  combustion-calorimeter  this  same 
method  also  filied  requirements.  For,  as  has  been  shown,  a  mix- 
ture of  air,  gas  and  neutral  in  any  proportions  that  can  be  exploded 
may  be  burnt  in  a  closed  chamber  and  under  pressure,  so  there 
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only  remains  as  a  necessity,  the  provision  for  measuring  gas  burnt 
and  heat  developed  by  submerging  the  whole  apparatus  in  water. 
The  details  of  this  calorimeter  as  adopted  and  used  will  be  noted 
later. 

Gas  measuring,  mixing  and  storing  was  accomplished  by  water 
displacement  in  thin  metal  tanks ;  the  quantities  read  by  the  levels 
in  a  water  glass  before  and  after  more  water  had  displaced  the  gas 
required.  All  connections  and  communications  between  the  parts 
were  made  of  combinations  of  pipe  fittings  and  rubber  hose.  Four 
tanks  were  provided.  (Fig.  i,  A,  B,  C,  D),  each  fitted  with  water 
inlet  and  discharge  communicating  with  water  main  and  sewer, 
and  each  fitted  also  with  gas  inlet  communicating  with  the  appro- 
priate source  and  discharges  connecting  A,  B,  and  C  with  D  and 
that  of  D  with  the  apparatus  in  which  mixtures  were  to  be  used. 
The  first  three  tanks  then  were  measuring  tanks,  A,  for  illuminat- 
ing gas,  B,  for  air,  and  C  for  products  of  combustion  prepared  pre- 
viously, while  the  fourth,  D,  is  the  mixing  and  storage  tank  and  is 
the  only  one  in  which  the  pressure  was  allowed 
to  exceed  atmosphere.  Two  glass  tubes,  E 
and  F,  were  provided  to  each  of  the  measuring 
tanks  and  extending  the  entire  length.  One 
of  these  tubes,  F,  was  connected  by  both  ends 
to  the  interior,  while  the  other,  E,  was  con- 
nected at  the  bottom,  only  the  top  being  open 
to  atmosphere,  Fig.  2.  The  doubly  connected 
tube  then  serves  as  an  ordinary  water  column 
showing  the  water  level,  while  the  other 
gives  an  indication  of  the  interior  pres- 
sure. When  the  level  of  the  open  column  is 
equal  to  that  in  the  closed  column  the  pressure 
on  the  interior  is  atmosphere ;  if  the  level  of  the  open  column  rises 
above  that  of  the  closed  column  then  the  interior  pressure  exceeds 
atmosphere  by  an  amount  exactly  equal  to  that  due  to  difference 
of  level. 

To  obtain  a  mixture  of  any  composition  the  method  of  operation 
was  as  follows :  All  tanks  were  filled  with  water  till  they  over- 
flowed ;  then,  one  at  a  time,  the  water  was  allowed  to  flow  out 
of  the  measuring  tanks  A,  B,  C  and  illuminating  gas,  air  and 
products  of  combustion,  flowing  in  each  to  its  own  tank,  filled  the 


Fig.  2. 
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space  left  by  the  receding  water.  Manipulation  of  the  g^  dis- 
charge and  water  inlet  valves,  guided  by  the  relative  position  of 
the  water  levels  in  the  two  columns,  enabled  the  operator  to  keep 
the  pressure  on  the  inside  equal  to  atmosphere,  and  relieving  the 
walls  of  any  stress  as  well  as  preventing  compression  or  rarefica- 
tion  of  the  gas.  When  each  tank  is  filled  with  its  respective  gas 
the  amounts  of  each  desired  in  the  mixture  are  laid  off  on  the 
water  glass  above  the  present  water  level  and,  as  these  have  all 
the  same  diameter,  the  height  on  the  columns  will  be  a  measure 
of  the  quantity  of  the  gas.  Water  is  then  turned  out  of  the  storage 
tank  D  and  a  partial  vacuum  created  therein.  With  one  hand  on 
the  gas  cock  x  and  the  other  on  the  water  cock  y,  the  amount  of 
gas  wanted  is  caused  to  flow  from  tank  A,  where  it  was  measured, 
to  the  tank  D,  where  it  is  wanted,  the  transfer  being  made  without 
allowing  any  change  of  pressure  in  tank  A  by  simply  regulating 
the  relative  openings  of  the  valves  x  and  y  and  watching  the  two 
water  columns.  After  the  gas  wanted  is  transferred  air  is  simi- 
larly measured  and  transferred,  and  later,  if  desired,  products  of 
combustion,  until  finally  the  tank  D  contains  all  the  constituents 
of  the  desired  mixture.  All  openings  to  D  are  then  closed  and 
water  from  the  main  G  admitted  through  the  three-way  cock  H, 
until  the  full  pressure  (in  this  case  60  lbs.  gauge)  has  compressed 
the  mixture.  This  method  of  feeding  and  afterward  compressing, 
results  in  a  perfectly  uniform  mixture,  as  was  proved  by  com- 
paring effects  derived  from  burning  parts  first  drawn  off  with  the 
last  that  remained. 

We  have  now  in  tank  D  a  perfectly  uniform  mixture  of  known 
composition,  compressed  to  60  lbs.  and  available  for  whatever 
tests  or  experiments  we  may  desire  to  make,  by  the  simple  opening 
of  the  valve  /.  All  this  measuring,  transferring  and  comprpssipg 
the  constituents  of  the  mixture  takes  about  five  minutes  from  the 
beginning  up  to  the  time  the  mixture  is  ready  for  use.  When  the 
operator  is  working  with  one  mixture  this  time  may  be  lessened  if 
an  assistant  is  at  hand  to  recharge  measuring  tanks  and  get  the 
quantities  desired  measured  off  for  the  next  mixture  desired. 

Neutral  Gas  Generator. 

To  generate  neutral  products  of  combustion  a  positive  blower 
A,  Fig.  3,  driven  by  a  Crocker-Wheeler  motor  B,  fed  an  ex- 
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plosive  mixture  of  air  and  gas  to  the  tiyo-inch  tee  C.  The  propor- 
tions Wfsre  obtained  as  desired  by  air-cock  D  and  gas-cock  E  on 
the  blower  suction  and  the  mixture  thus  obtained  burned  within  the 
mass  of  broken  magnesite  in  the  tee  C.  Ignition  was  effected 
through  the  opening  G,  and  when  the  proportions  were  found 
correct  by  observing  the  fire  this  opening  was  closed,  thus  sending 
the  products  of  combustion  over  through  pipe  /  to  bell  K  under 


Fic.  3 

water  in  tank  L.  When  wanted  the  products  of  combustion  could 
be  drawn  off  from  K  through  pipe  M  under  a  constant  pressure, 
being  that  due  to  the  height  of  water  above  the  bell.  More  gases 
than  were  wanted  were  continuously  generated,  the  surplus  always 
bubbling  off  from  bell  K;  this  was  to  insure  getting  fresh  gases 
delivered  at  constant  and  small  head.  The  water  around  the 
pipes  served  to  condense  and  catch  any  steam  in  the  products. 

Constant  Pressure  Combustion  Gas  Calorimeter. 

The  constant  pressure  calorimeter  consisted  of  a  one-half-inch 
tee  F,  Fig.  4,  pearly  full  of  broken  magnesite  and  fitted  with  a 
jump-spark  plug  G  operated  by  a  vibratory  primary  circuit  breaker 
inducticm  coil.  Explosive  mixtures  of  the  previously  determined 
composition  and  of  known  amount  were  fed  to  the  bottom  of  the 
combustion  chamber  F  through  a  one-eighth-inch  copper  tube  E. 
As  it  was  necessary  to  discharge  the  whole  of  the  measured 
quantity  of  mixture  from  the  pressure  tank  D,  and  necessary 
secondly  that  no  water  should  follow,  the  trap  B  was  introduced. 
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It  is  simply  a  glass  bottle  with  two  glass  tubes,  one  a  feed  and  the 
other  discharge,  fitted  to  a  perforated  cork.  The  discharge  tube 
was  connected  with  the  calorimeter  by  the  light  rubber  tube  D. 
Hot  gases  from  F  were  discharged  through  H  to  the  bottom  of 
the  water  tank  and  thence  passed  up  through  square  coil  of  one- 


Fig.  4. 

eighth-inch  iron  pipe.  The  end  of  this  coil  was  supplied  with 
rubber  and  glass  tubes,  so  that  the  products  of  combustion  could 
be  directed  to  the  atmosphere  or  to  any  point  of  the  water  to  act 
as  a  stirrer  when  so  desired. 

Constant  Volume  Combustion  Pressure  Ratio  Chamber. 

The  explosion  chamber  for  determining  the  pressures  due  to 
constant  volume  combustion  consisted  primarily  of  tee  A,  Fig.  5, 
nipples  jB  and  caps  C,  C.  A  Crosby  gas-engine  indicator  was 
attached  to  the  tee  as  shown.  The  spark  plug  D  was  carried  in 
one  branch  of  the  three-way  cock  on  top  and  on  other  branch 
was  connected  to  mixture  feed  and  water  overflow  openings  jE. 
The  apparatus  was  first  filled  with  water  through  valve  F  until  it 
overflowed  through  valve  G,  the  mixture  feeding  valve  H  and 
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water  discharge  valve  /  being  closed ;  the  spark  points  meantime 
being  protected  from  the  water  by  the  three-way  cock.  When 
entirely  full  of  water  valves  G  and  F  are  closed  and  H  and  / 
opened,  the  mixture  from  tank  D  thus  expelling  the  water;  the 
three-way  cock  is  then  thrown  to  permit  contact  of  points  with 


Fig.  5. 

-mixture,  which  is  allowed  to  blow  through  freely  to  fill  chamber 
at  atmospheric  pressure.  Then  all  openings  are  closed  and  the 
mixture  fired,  the  pressure  rise  being  shown  by  the  length  of  line 
drawn  on  the  indicator  drum  to  the  proper  scale:  To  expel  the 
burnt  gases  water  is  admitted  as  before  and  the  new  charge  sub- 
sequently used  to  drive  the  water  out. 

Constant  Pressure  Combustion  Volume  Ratio  Apparatus. 

The  quantity  of  gas  that  could  be  stored  in  the  tank  D  is  so 
small  and  the  time  to  attain  maximum  effect  in  a  heating  chamber 
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so  long,  that  with  these  tanks  the  combustion  chamber  cavAA  not 
become  heated  sufficiently  to  tniike  a  measurement  of  maximum 
volume  increase.  The  apparatus  of  Fig.  6  was  constructed  with 
this  end  in  view.  It  depends  for  its  action  on  the  principles  of 
gas  flow  through  an  orifice.  The  rate  of  flow  of  a  gas  through 
an  orifice  is  proportional  to  the  form  of  orifice  and  to  the  pressure 
drop  through  the  orifice.  Now  if  the  gas  be  caused  to  pass 
through  a  hole  in  a  plate  before  combustion,  and  later,  after  com- 
bustion, pass  through  a  similar  hole  in  a  similar  plate,  the  constant 
due  to  the  form  of  orifice  would  be  eliminated  in  comparing 
velocities  through  the  two  hcJes.  Secondly,  when  the  fall  in 
pressure  through  each  hole  is  the  same  the  velocity  of  flow  through 
each  plate  will  be  equal,  and  the  volume  passing  will  be  propor- 


tional to  the  area  of  the  orifice  only  if  the  pressures  used  be  small 
enough  to  make  correction  for  compression  vanishingly  small. 
Gas  and  air  are  mixed  in  any  proportion  desired  at  the  compressor 
intake  and  delivered,  mixed,  to  the  chamber  AB,  from  which  the 
mixture  will  pass  to  the  upper  chamber  C  through  a  hole  in  the 
plate  secured  between  the  flanges.  In  chamber  C  there  is  placed 
a  cone  of  brick  to  keep  lower  plate  cool,  and  in  the  cone  broken 
rock  to  permit  of  the  combustion  of  the  explosive  mixture.  The 
top  plate  between  the  flange  D  is  provided  with  asbestos  sheets 
to  keep  the  hot  gases  from  chilling  just  before  issuing. 

At  times  both  the  brick  cone  for  the  lower  and  the  asbestos  sheet 
protection  for  the  upper  plates  were  removed  for  the  taking  of 
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observations,  while  at  another  time  a  one-inch  lining  of  fire  clay 
was  supplied  to  prevent  radiation.  Mercury  manometers  to  both 
chambers  indicate  the  interior  pressures,  and  hence  the  drop  in 
pressure  through  each  plate. 

Results  Obtainex)  with  Apparatus.    Flames  in  Atmosphere 

OF  Different  Air-Gas  Mixtures. 

Before  proceeding  to  the  effects  of  the  combustion  of  different 
mixtures  it  is  necessary  to  first  determine  the  limits  of  combusti- 
bility, and  in  so  doing  opportunity  was  afforded  to  observe  the 
characteristics  of  the  flames  of  different  mix- 
tures. 

The  mixture  from  the  compression  storage 
tank  D  was  led  to  the  apparatus,  Fig.  7.  This 
consisted  of  a  one-quarter-inch  tee  with  a 
valve  A  and  manometer  B,  the  flame  locating 
at  C  Mixtures  were  ignited  and  the  flow 
regulated  to  determine  the  maximum  length 
and  character  of  the  flame  and  the  pressure 
at  which  the  flame  would  blow  off. 

Appearance  and  blow-off  pressures  of  mix- 
tures of  air  and  gas  burnt  at  opening  of  one- 
quarter-inch  pipe  in  atmosphere  of  air: 


Blow-off  pressure,  1.25"  H^O 


►-B 


6 


Fig.  7. 


With  a  length  of  one-half  inch  a  clear  blue  flame  results;  an 
increase  to  three  inches  in  length  develops  a  green  core  and  faint 
spots  of  yellow  appear.  A  still  further  increase  of  the  pressure 
causes  the  core  to  become  less  distinct  and  the  end  of  the  flame 
becomes  wavy  and  oscillatory.  A  roaring  noise  develops  also. 
Just  before  blow-off  the  flame  becomes  violet  and  green  near 
nozzle;  the  end  is  quite  wide  and  spreading.  Blow-off  occurred 
at  1.25  inches  of  water  pressure  with  a  length  of  fourteen  inches 
after  some  trembling  at  the  nozzle. 


Mixture,  j  ^^ 


2  ) 

>  Blow-off  pressure,  .8"  H^O. 


Flame  all  blue  and  remained  blue  as  length  was  increased  with 
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A  length  of  twelve  inches  was  the  maximum  at  a  water  pressure 
of  eight-tenths  of  an  inch. 

Mixture,  I  ^^    *    '     *  ^  1  ^^^w-off  pressure,  •S''  HaO. 

First  appearance  of  the  flame  cap,  which  was  of  yellowish  color 
surrounded  by  light  blue  and  could  be  extended  to  a  maximum 
length  of  six  inches  with  a  blow-off  pressure  of  one-half  inch 
water.  The  cap,  however,  instead  of  being  smooth,  had  serrated 
edges. 

Mixture,  I  ^s    "     '       J  I  ^^^^"^^  pressure,  .3"  H^O. 

The  flame  cap  is  now  more  distinct,  with  a  filmy  halo  surrotmd- 
ing  it,  color  blue-green.  The  flame  on  extension  becomes  sharply 
pointed  at  the  end  with  little  vibration.  At  the  maximum  length 
of  four  inches  and  blow-off  pressure  of  three-tenths  of  an  inch 
the  flame  became  very  pale. 

Mixture,   {g*^    *     '     *  j  }  Blow-off  pressure,  .12"  H,0. 

The  flame  was  very  similar  in  appearance  to  the  last  with  the 
exception  of  being  more  blue  than  green,  the  tip  was  very  pale 
and  sharp-pointed  at  the  maximum  length  of  three  and  one-half 
inches. 

Mixture,    |  ^    *    '    "  ^  |  Blow-off  pressure,  .08"  HgO. 

Flame  was  somewhat  shorter  and  somewhat  more  filmy  or 
cloudy  in  character,  the  maximum  length  of  a  little  more  than 
two  inches  was  reached  with  a  water  pressure  of  about  eight 
one-hundredths  of  an  inch. 

Mixtures  containing  more  air  than  the  last  could  not  be  burnt. 

The  limits  of  explosive  combustibility  differ  from  the  preceding 
limits  for  flames.  When  admitted  to  the  explosion  chamber, 
isolated  and  exploded  in  bulk  the  limits  of  combustibility  were : 

Ai'-    •     •    -SUptoJAir    .     .    .7. 
Gas    .     .     .  I   )  ( Gas    .     .     .1. 

But  with  the  mixtures  6.5/1  up  to  7/1  the  ignition  was  very 
uncertain,  occurring  only  after  long  passage  of  the  spark  and 
often    failing   entirely.     This   is   an   unfailing  characteristic  of 


NEW   WORK   ON  EXPLOSIVE   MIXTURES.      47 

very  much  less  spreading:  at  the  ends.  There  appeared  no  core, 
extremely  dilute  mixtures,  i.  e.,  mixtures  containing  a  large  per- 
centage of  neutral  or  excess  gases. 

Constant  Pressure  Combustion  Calorimeter. 

Before  stating  the  results  of  this  calorimeter  on  an  tmanalyzed 
water  gas  it  will  be  well  to  look  at  some  characteristics  of  a  water 
of  typical  composition.  It  is  intended  that  this  calorimeter  be 
used  by  men  unskilled  in  gas  analysis  and  in  places  where  such 
an  apparatus  is  unavailable.  The  results  that  theoretically  should 
accrue  from  this  typical  water  gas  will  be  compressed  until  what 
was  actually  observed  on  the  action  of  the  gas  used. 

Stillman  gives  as  an  ordinary  water  gas  the  following  mixture : 

CO.  3.8 

GH4  14.6 

CO    28.0 

H  35.6 

CH4 16.7 

N  1.3 

Total    100.0 

of  this  we  have 

Neutral. 

CO,  . . . . : 3.8 

N  M 

Total    51 

This  gas,  moreover,  will  heat  yield  691.59  B.  T.  U.  per  cubic 
foot  products  condensed,  and  will  call  for  in  its  combustion  5.21 
parts  of  air  per  one  part  of  gas. 

A  chemical  mixture  then  would  have  these  characteristics : 

Air    5.21    volumes 

Gas  i.oo         " 

Total   SaF 

of  which  we  have 


Neutral  {  Ne"*^^  >^  K^.^    -^^^ 
i>  Nitrogen  in  air  4.120 


Nitrogen  in  air  4.120 
Total  neutral  4.17  in  6.21  parts  or  67  per  cent,  neutral. 

Let  US  then  tabulate  various  mixtures  and  note  some  of  their 
characteristics. 
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Gas. 

I 

I 

I 

I 

I 

I 

I        .1 

I 

Air. 

3.0 

3.5 

4.0 

4.5      5.0     15.5     !6.o 

6.5 

7.0 

Inactive  Air,  i,  e.,  Excess. 

.29 

.79 

1.29 

1.79 

Active  Air. 

3.0 

3.5 

4.0 

4.5 

5.0 

5.21 

5.21 

5.-ei 

5.2' 

Inactive  Gas,  i.  e.,  Excess. 

.427 

.328 

.232 

.135'  -050 

Active  Gas. 

■573 

.672 

.768 

.865 

.950;  1. 000!  1. 000 

1.000  i.ooo 

Neutral  in  Active  Air. 

2.372  2.768I3.163I3.S59I 3-954 

4. 120  4. 120 

4.I20'4.I20 

Neutral  in  Active  Gas. 

.029    .034.  .039,  .044'  .048 

.051'  .051 

.051 

.051 

Total  inactive  or  excess. 

2.828 

3.»3o!3-434  3-735  4-052 

4.461  4-961 

5.461 

5.961 

Per  cent,  inactive  or  excess. 

.701 

.696,   .687 

.680   .675 

.686    .704 

.729 

.746 

It  should  be  noted  how  very  slightly  the  increase  in  percentage 
of  dilution  increases  with  the  excesses  of  air  and  gas ;  though  the 
proportions  may  vary  over  100  per  cent.,  the  dilution  varies  through 
but  little  more  than  5  per  cent.  This  is  very  striking,  as  will  be 
noted  again  when  the  results  of  increasing  dilution  by  neutral 
additions  is  taken  up.  There  can  be  little  doubt  that  the  limits 
of  combustibility  is  intimately  associated  with  the  per  cent,  of 
neutral  or  inactive  gases  present. 

Next  let  us  examine  the  calorific  values  of  some  of  these  mix- 
tures, i.  e,,  the  amount  of  heat  that  one  cubic  foot  of  gas  can 
deliver  when  burnt  explosively  in  mixtures  within  the  limits  of 
explosive  combustion.  The  heat  developed  by  a  cubic  foot  of  the 
gas  in  question  is  691.59  B.  T.  U.  when  completely  burnt,  f.  e,, 
in  a  chemical  mixture,  or  in  a  mixture  in  which  air  is  in  excess, 
within  of  course  the  limits  of  combustibility. 


Gas. 
Air. 
Gas  Burnt,  i.  e.,  Gas  that  could 

find  Air  Enough  to  Burn  it. 
B.  T.  U.  Available. 


I 
3-0 

3.5 

I         I 

4.0     4.5 

I 
50 

I 
5-5 

I 

6.0 

I 

6.5 

•573 

.672 

.768   .865 

.950 

I.ooo 

I.ooo 

I.ooo 

396.3 

464.8 

531.2598.2 

657.0 

691.6 

691.6 

691.6 

I 

7.0 

I.ooo 
691.6 


These  results  are  shown  graphically  on  the  curve  A  of  Fig.  9. 
Curve  B  shows  the  results  of  observations  on  the  water  gas  used 
in  the  calorimeter  and  of  unknown  composition. 

The  calorimeter  can  was  filled  with  16.5  lbs.  water  for  each  run 
and  the  water  equivalent  determined  by  experiment  to  be  2.1  lbs. 
of  water ;  this  is  for  both  can  and  coil.  Radiation  was  assumed 
zero,  as  the  temperature  of  the  room  was  in  every  case  between 
the  initial  water  temperature  and  the  final. 
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Four  inches  altitude  of  gas  was  used  every  time  from  the  eigh- 
teen-inch  tank  mixed  each  time  with  varying  quantities  of  air. 
The  results  are  as  follows  reduced  to  cubic  feet  of  gas : 

B.  T.  U.  Per  Cubic  Foot  of  Gas  When  Mixed  With  Ant. 


Gu. 


Air. 

3-0 

35 
4.0 

4-5 
5-0 

5-5 
6.0 

6.5 


B.  T.  U.  per  cu.  ft.  Gu. 

275. 1 
347.82 

401.57 
471.00 
541.70 
616.59 
600.78 


C/\LOf\inc  powers  •(  Qm,-v  n^^^T^f^'^? 


Fig.  9. 

This  is  one  set  of  readings,  and  the  curve  is  a  very  good  one. 
other  sets  of  readings  were  taken,  and  if  the  results  had  been  re- 
duced to  a  mean  the  curve  would  have  been  perfect.  The  one  set 
given  were  obtained  in  a  space  of  about  two  hours.  The  values 
for  mixtures  6.5/1  and  7/1  were  very  erratic  but  always  below 
the  maximum,  and  this  result  is  extremely  important,  viz.,  that 
very  dilute  mixtures  after  combustion  has  been  started  may  cease 
to  burn  before  combustion  has  become  complete, 

VOL.  XXIY. — 4. 
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It  may  be  well  to  note  a  few  peculiarities  of  this  calorimeter 
before  leaving  the  subject.  When  starting  a  continuous  stream  of 
sparks  is  provoked  between  the  points  and  the  mixture  then  turned 
on.  As  soon  as  the  flame  cap  has  settled  and  combustion  is  well 
started  the  spark  may  be  turned  off  and  attention  turned  to  watch- 
ing the  thermometer  and  directing  the  stirring  of  the  water.  The 
feed  may  be  depended  upon  to  take  care  of  itself.  The  process  of 
starting,  however,  will  not  be  successful  unless  good  judgment 
in  regard  to  certain  points  is  exercised;  however,  a  few  trials 
are  sufficient  to  show  up  these  difficulties,  and  the  means  for  avoid- 
ing them. 

If  the  entering  stream  be  so  small  in  quantity  as  to  g^ve  the  gas 
too  small  a  velocity  through  the  feed  pipe,  then  when  the  first  part 
of  the  mixture  reaches  the  spark  there  will  be  back-flashing,  which 
may  result  in  a  succession  of  explosions.  These  successive  ex- 
plosions will  have  a  period  depending  on  the  velocity  of  feed; 
they  become  more  frequent  as  the  velocity  increases,  until  finally 
the  velocity  becomes  high  enough  to  force  the  flame  beyond  the 
feed  pipe,  when  it  will  lodge  in  the  rocks  and  stay  there.  It  may 
even  happen  that  the  back-flash  will  extend  to  the  trap,  but  no 
harm  will  be  done  except  blowing  off  the  rubber  tube  and  causing 
a  loss  of  the  charge.  At  first  this  back-flashing  was  very  trouble- 
some and  necessitated  investigation.  When  the  combustion  cham- 
ber and  coil  were  removed  from  the  water  no  back-flash  occurred 
even  with  a  very  slow  feed,  but  a  reinsertion  caused  the  trouble 
to  reappear.  This  was  attributed  to  the  intermittent  back  pres- 
sure effect  of  the  bubbling  of  discharging  gas  through  the  water; 
it  was  then  the  flexible  end  to  the  coil  was  attached  so  that  the 
discharge  could  be  directed  above  during  and  below  after  starting, 
when  it  would  do  no  harm.  Since  it  was  now  shown  that  back 
pressure  could  have  an  appreciable  effect  on  the  action,  and  badc- 
flash  still  occurring  occasionally,  the  discharge  gas  coil  of  one- 
eighth  inch  copper  tube  shown  in  Fig.  i  was  removed  and  the 
square  coil  of  larger  iron  pipe  substituted  to  reduce  back  pressure. 
The  back  pressure  was  thus  made  constant  and  less  than  originally, 
and  the  charge  could  be  ignited  at  once  without  any  failure  with 
a  constancy  that  was  very  gratifying. 
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Volume-ratios  During  Constant  Pressure  Combustion. 

When  the  fire  is  enclosed  and  insulated  the  immediate  eflFect 
of  constant  pressure  combustion  is  to  increase  the  volume  of  the 
gases  (  neglecting  the  small  changes  due  to  chemical  regrouping 
of  molecules).  Knowing  the  amount  of  heat  developed  by  the 
combustion  and  the  specific  heat  of  the  gases,  the  volume  increase 
should  be  easy  to  calculate.  But  in  such  a  calculation  no  account 
can  be  taken  of  the  large  number  of  other  influences,  among  them 
radiation,  conduction,  dissociation,  etc.,  involving  loss  of  heat 
to  other  phenomena  that  may  be  present  and  no  assurance  can 
be  held  out  that  the  specific  heat  during  the  process  is  constant 
or  equal  to  that  of  the  products  of  combustion.  A  computation, 
therefore,  by  this  the  only  method  is  of  no  value  in  engineering 
work,  and  the  only  way  to  obtain  a  result  of  real  worth  is  to 
measure  the  increase  directly  under  specified  conditions.  The 
method  used  has  already  been  noted.  The  firebox  consisted  of  a 
piece  of  six-inch  standard  steam  pipe  twelve  inches  long  and  the 
plates  containing  the  orifices  were  of  black  iron  one  thirty-second 
of  an  inch  in  thickness.  Unprotected,  «.  e.,  with  plates  bare  and 
pipe  unlined,  it  was  found  for  a  pressure  drop  of  four  inches  of 
Hg  through  each  orifice  that  the  maximum  eflfect  was  Vi/v^  =  1.50 
for  best  mixture  air  and  gas.  Protecting  the  interior  of  the  com- 
bustion chamber  by  one  inch  of  fire  clay  and  sand  on  the  inside, 
the  lower  plate  carrying  a  clay  cone  three  inches  high,  and  the 
upper  plate  protected  externally  by  a  quarter  of  an  inch  of  asbestos 
sheets,  the  maximum  effect  was  found  to  be  1/2/^1  =  4.20  for 
best  mixture  air  and  gas.  Comparing  the  heating  value  of  the 
gas  used  with  that  of  say  kerosene  oil,  and  making  an  estimate  of 
losses  from  above  values  it  is  probable  that  with  the  best  mixture 
of  kerosene  and  air  that  a  value  v^/z^  =  6.00  might  be  expected, 
but  it  must  be  remembered  that  this  is  only  an  estimate  and  of  but 
little  value  compared  with  the  last  two  figures  of  actual  ob- 
servations. 

The  apparatus  used  here  was  so  certain  in  operation  and  constant 
in  results  that  the  readings  could  be  obtained  in  a  very  short  time 
and,  when  obtained,  relied  upon.  The  method  of  operation  was 
as  follows:  The  fire  was  started  in  the  chamber  with  top  plate 
removed;  once  burning  steadily  this  plate  was  bolted  down  to 
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the  flange  and  the  whole  allowed  to  heat  up.  The  top  orifice  was 
originally  the  same  size  as  the  lower  and  as  the  fire  pot  heated 
up  was  continually  reamed  out  to  keep  the  manometer  readings 
at  the  ratio  of  2  :i,  i.  e.y  so  that  the  drop  in  pressure  was  the  same 
through  both  plates.  When  continued  heating  showed  no  in- 
crease in  size  of  the  top  hole  possible,  then  manipulation  of  the 
mixture  was  resorted  to  to  cause,  if  possible,  a  rise  in  pressure  in 
the  combustion  chamber  and  so  permit  a  further  enlargement  of 
the  upper  opening  to  bring  the  pressure  again  to  one  half  that 
existing  in  the  lower  chamber.  Thus  the  maximum  effect  was 
obtained.  It  must  be  remembered  that  the  readings  included  the 
friction  effect  of  passing  through  the  mass  of  broken  rock  forming 
the  burner  proper. 

Pressure-Ratios  for  Constant  Volume  Combustion, 
As  is  the  case  with  volume  ratios  in  constant  pressure  combustion 
it  is  impossible  to  calculate  the  values  desired  from  calorific 
value  and  specific  heat.  Many  determinations  of  the  presence  of 
ratios  for  various  substances  have  been  made  but  none  for  a  wide 
range  of  mixtures  including  as  one  of  the  constituents  neutral 
products  of  combustion. 

Each  mixture  of  air  to  gas  within  the  range  of  combustibility 
was  fired  and  then  to  each  was  added  in  turn  successively  increas- 
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Figs,  ii,  12,  and  13. 

ing  amounts  of  neutral  gases  obtained  by  burning  an  explosive 
mixture  as  described. 

It  appeared  that  the  resulting  pressures  were  intimately  con- 
nected with  the  percentage  of  dilution  of  neutral  or  excess  gases, 
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and  as  the  gas  used  has  already  exhibited  some  agreement  with 
what  is  possible  with  the  typical  water  gas  chosen  in  comparison  it- 
will  be  well  to  work  out  a  table  of  percentage  of  dilution  of  dif- 
ferent mixtures  and  these  figures  will  be  placed  on  the  curves  of 
F'igs.  11-16.  The  agreement  and  evident  existence  of  a  law  is 
apparent. 

Water  Gas  of  Noted  Composition. 


Mixture 


f  Air,  3  I 
'    I  Gas,  I  I 


diluted. 


Gu. 

Air. 

Added  Nentral. 

Primary  Neutral 

Total  Neutral. 

Per  cent.  Neutral. 

I 

I 
I 
I 

3 
3 
3 
3 

0  ' 

I 
2 

3 

2.83 

<< 
« 

2.83 

3.83 
4.83 
583 

70.1 
76.0 
80.5 
83.0 

Mixture, 


f  Air,  4  I 
t  Gas,  I  J 


diluted. 


Gaa. 

Air. 

Added  Neutral. 

Primary  Neutral. 
3-43 

Total  Neutral. 

Per  cent.  Neutral. 

4 

0 

3-43 

68.7 

4 

I 

(t 

4.43 
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2 

(< 
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77.6 
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80.6 
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II 
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Total  Neutral. 
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78.4 
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The  curves  of  Figs.  12-16  show  the  pressures  given  by  the 
indicator  for  each  mixture  and  are  the  mean  values  from  a  large 
number  of  lines  drawn  by  the  indicator.  These  curves  are  com- 
bined in  Fig.  17,  which  is,  therefore,  a  curve  of  pressures  for  all 
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Figs.  14  and  15. 
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mixtures  diluted  or  not  within  the  range  of  explosive  combusti- 
bility. The  numbers  on  the  curves  show  the  percentage  of  dilu- 
tion of  the  typical  water  gas.     The  results  are  most  remarkable 
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and  can  be  accounted  for  only  by  assuming  that  the  presence  of  a 
large  amount  of  dilution  hinders  combustion.  The  limits  at  which 
combustion  ceases  to  be  possible  on  too  great  a  dilution  are  here 
indicated,  whether  that  dilution  be  due  to  excess  gas,  excess  air 
or  neutral  gases.  It  will  also  be  observed  that  the  character  of  the 
diluent  has  an  appreciable  effect,  but  that  when  the  dilution  is  least 
the  pressure  is  greatest,  about  60  pounds  above  atmosphere  or  a 
ratio  of  5 ;  and  the  presence  of  a  constant  per  cent,  of  neutral  will 
make  combustion  impossible  no  matter  what  the  mixture  of  air 
and  gas.  The  greatest  neutral  dilution  gives  the  least  pressure — 
about  15  pounds  above  atmosphere,  or  a  ratio  of  about  2.  These 
results  give  a  reason  for  the  decreased  pressure  in  exploding  gas- 
engines  in  which  the  mixture  is  always  diluted  by  burnt  products 
to  an  extent  of  20-40  per  cent,  of  the  volume  of  neutral  addition 
to  the  gas  mixture  which  may  already  have  neutral  gas  present 
to  the  extent  of  65-70  per  cent. 

Neutral  additions  to  the  gases  sent  to  the  calorimeter  and  to 
the  other  apparatus  showed,  besides  a  corresponding  and  proper 
heat  value  for  the  resulting  mixture,  a  decreased  rate  of  propaga- 
tion accompanied  by  a  difficulty  in  ignition  and  constant  tendency 
to  incomplete  combustion,  t.  e.,  tendency  to  cease  burning  after 
inflammation  had  been  started  and  before  the  mass  had  been 
entirely  burnt. 
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THE  CAMP  BIRD  GOLD   MINE  AND  MILLS. 


By  H.  a.  TITCOMB. 


In  the  southwestern  part  of  Colorado  lies  the  San  Juan  region, 
long  known  as  a  large  producer  of  silver,  and  in  recent  years  gold 
as  well.  The  district  shows  evidence  of  former  volcanic  activity  on 
a  gigantic  scale.  Thermal  springs  still  exist  at  Ouray,  and  the 
large  areas  of  mineralized  and  oxidized  rocks  visible  at  many 
points  have  been  attributed  by  some  geologists  to  solfataric  and 
hot- spring  agencies. 

The  lowest  exposed  rocks  are  Algonkian  quartzites  and  slates. 
Above  these  are  limestones  (Lower  Carb,  or  Devonian?;;  then 
conglomerates,  sandstones  and  quartzite  (Jura-Trias),  and  quartzite 
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Fig.  I. 

and  shale  (Cretaceous).  The  highest  of  the  sedimentaries  is  the 
thick-bedded  red  conglomerate  known  as  the  San  Miguel  forma- 
tion (Eocene).  Overlying  these  aqueous  strata  is  a  vast  thickness 
of  igneous  rocks  which  occur  in  almost  horizontal  layers.  These 
lines  of  stratification  are  supposed  to  mark  the  periods  of  the  suc- 
cessive flows  and  eruptions  which  buried  the  sedimentary  rocks 
thousands  of  feet  deep  beneath  the  breccias,  tuffs,  and  other  vol- 
canic debris.     (See  Figs,  i  and  2.) 
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The  entire  mass  of  aqueous  and  plutonic  rocks  has  been  sub- 
jected to  stresses  whfch  have  resulted  in  numerous  zones  of  frac- 
ture, sometimes  traceable  from  the  cap  of  rhyollte  down  through 
the  breccias  and  the  lowest  sediments  These  zones  of  fracture 
seem  to  favor  certain  strikes:  thus  the  N  E.-S.  W.  and  the  N.  W.- 


S.  E.  and  other  series  have  been  described  in  the  reports  of  the 
U.  S.  Geol.  Survey  and  elsewhere.  Many  of  the  fractures  have 
been  filled  with  vein  matter,  commonly  quartz  and  evidently  de- 
posited from  solution.     The  veins  seem  to  weather  away  more 
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easily  than  the  surrounding  country  rock  and  the  melting  snows 
wash  away  the  disintegrated  vein  matter Jeaving  miniature  cafions 
with  smooth,  regular  walls,  and  sometimes  broad  couloirs  near 
the  lofty  summits,  packed  with  snow  and  ice.  This  peculi- 
arity often  enables  one  to  see  the  veins  for  miles  extending  over 
mountain  and  valley.  Many  of  the  veins  carry  precious  metals  in 
quantity  to  be  commercially  valuable. 

In  the  vicinity  of  the  Camp  Bird  Mine,  the  andesite  breccia  and 
the  Intermediate  Series  are  generally  regarded  as  the  most  pro- 
ductive horizons.  Higher  up,  where  the  veins  enter  the  rhyoHte, 
they  often  seem  to  be  narrow  and  comparatively  barren  of  their 
valuable  contents.  With  the  Camp  Bird  as  the  most  notable  ex- 
ception, the  San  Juan  has  been  almost  entirely  a  silver  producer. 
In  the  case  of  the  Camp  Bird,  however,  almost  the  entire  value  of 
the  ore  is  in  the  gold.  Since  the  country  rock  is  the  same  in  both 
classes  of  veins — andesitic  breccia — a  different  subterranean  origin 
of  the  ore-bearing  solutions  would  seem  to  offer  a  plausible  ex- 
planation of  the  varying  occurrence. 

After  the  volcanic  activity  had  ceased,  erosion  began  its  work 
and  an  enormous  amount  of  material  was  removed  by  the  action  of 
waters,  leaving  canons  and  cliffs  and  lofty  peaks  which  render  the 
scenery  of  the  **  Silvery  San  Juan  "  among  the  finest  in  Colorado. 
Avalanches  are  of  yearly  occurrence  and  are  a  factor  in  the  general 
degradation.  At  the  Liberty  Bell  mine  last  winter,  near  the  min- 
ing town  of  Telluride,  a  series  of  avalanches  swept  over  the  build- 
ings and  the  grove  of  pines  above  the  mine,  burying  all  beneath 
the  mass  of  snow  and  ice  and  lesulting  in  the  loss  of  over  twenty 
lives.  So  great  is  the  power  of  these  snow-slides  that  large  trees 
are  sometimes  broken  or  overturned  by  the  blast  of  air  caused  by 
by  the  rushing  snow. 

The  Camp  Bird  Mine  lies  in  Imogcne  Basin  at  an  elevation  of 
about  1 1 ,300  feet  *  above  sea  level.  From  the  town  of  Ouray  (7,7 1 2 
feet  elevation),  a  good  wagon  road  leads  southward  up  the  steep 
valley  of  the  Uncompahgre  for  five  miles  to  the  Camp  Bird  Mills. 
Thence  the  road  continues  two  and  one  half  miles  farther  up  to  the 
mine.  The  mill  and  mine  are  connected  by  a  Bleichert  tramway 
(see  Fig.  3)  some  10  00  feet  in  length,  which  transports  the  ore 
down  to  the  mill  and  carries  light  supplies  up  to  the  mine.     The 


*  Aneroid  measurements,  averaged,  between  Ouray  and  the  mine. 
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wooden  piers  or  towers  which  support  the  tram  are  protected  by 
-ocation  and  by  buttresses  against  snow-slides. 

The  mine  itself  presents  an  example  of  ordinary  overhand  stop- 
ing  of  a  high-grade  quartz  vein.  The  vein  or  veins  sometimes 
attain  a  width  of  ten  to  sixteen  feet,  but  would  average  less  than 


Potosi  Rhyolite,  the  lop- 


this:  probably  three  to  eight  feet.  The  veins  have  a  southerly 
dip  of  about  70°  from  the  horizontal,  varying  considerably  in 
places,  the  variations  giving  rise  to  gentle  rolls  or  undulations. 
Pay  ore  is  not  continuous  throughout  the  extent  of  the  vein,  but 
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the  values  are  concentrated  in  certain  areas  of  the  deposit,  these 
areas  constituting  ore  '*  shoots."  Often  a  cross  vein  occurs  near  or 
at  these  pay  areas,  and  these  cross  veins  may  sometimes  be  respon- 
sible for  the  localization  of  values  in  the  main  vein.  When  followed 
away  from  the  main  vein  for  a  considerable  distance,  the  cross  vein 
as  a  rule  becomes  barren,  the  **  Big  Discovery  "  being  a  possible 
exception.  No  law  governing  the  occurrence  of  the  ore  shoots 
has  as  yet  been  announced  by  the  engineers  who  have  examined 
this  mine. 

The  gangue  is  largely  quartz,  and  there  are  almost  universally 
present  pyrite,  galenite  and  sphalerite,  which  occur  either  in  bands 
of  heavy  sulphides  or  scattered  and  disseminated  through  the  ore. 
The  country  next  to  the  vein  is  usually  altered,  sometimes  to  the 
extent  of  obliterating  its  brecciated  texture.  It  frequently  carries 
pyrite  in  small  grains  or  crystals,  but  this  pyrite  seldom  holds 
values,  Somejtimes  rhodonite  occurs  in  considerable  amount,  ren- 
dering that  portion  of  the  vein  exceedingly  hard  and  tough.  Softer 
portions  of  the  vein  show  black  oxides  oi  manganese,  clay,  talc 
and  other  oxidation  products.  As  a  rule,  no  gold  is  visible  except 
on  close  examination  of  very  rich  streaks  of  ore.  The  ore  might 
be  classed  as  free-milling. 

Three  cross-cut  tunnels,  each  with  its  corresponding  level,  have 
been  driven  through  the  breccia,  opening  up  the  veins  for  a  verti- 
cal distance  of  about  500  feet.  The  lowest  or  "  New  Tunnel "  is 
2,300  feet  in  length,  passing  this  distance  through  the  country 
rock  before  striking  the  vein.  This  tunnel  is  7x7  feet  in  section 
and  its  arrangement  is  shown  in  Hig.  4.  The  grade  of  the  tunnel 
is  four  inches  per  100  feet,  and  the  levels  and  tunnels  are  all  single 
track,  a  twenty-inch  gauge  being  employed.  Mules  (two  per  shift) 
haul  out  eight  cars  of  ore  in  a  train,  each  car  holding  about  one 
ton.  Mule  haulage  has  proved  very  satisfactory,  and  easily  handles 
the  210  gross  tons  milled  per  twenty-four  hours.  The  ore  from 
the  upper  workings  is  dumped  into  chutes  leading  down  to  the 
third  or  lowest  level,  and  thence  hauled  out  to  the  Bleichert  tram- 
way. Two  shifts  of  eight  hours  each  constitute  a  day,  the  miners 
shooting  at  4  A.  M  and  4  P.  M.  This  allows  a  large  part  of  the 
gases  produced  by  the  shots  to  escape  before  the  men  return  to 
work  at  7  o'clock.  Even  after  this  interval  i)f  three  hours,  some  of 
the  innermost  workings  retain  much  gas,  which  causes  headaches 
'  and  decreases  the  energy  and  activity  of  the  men  working  in  these 
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places.  By  allowing  the  valves  of  the  air  pipes  in  the  mine  to  re- 
main partly  open  during  the  absence  of  the  men,  compressed  air 
is  permitted  to  escape  and  the  atmosphere  very  much  improved. 

Where  a  level  has  run  through  pay  values  a  stope  is  com- 
menced, about  six  to  eight  feet  in  height  being  cut  out  above  the 
level,  which  is  then  stulled  and  lagged.  Openings  are  left  at  inter- 
vals of  forty  to  fifty  feet  along  the  level  for  the  chutes  and  manways 
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which  will  give  access  to  the  coming  stope.  A  second  cut  of  six  to 
eight  feet  of  ore  is  next  shot  down  on  top  of  the  lagging  which  now 
forms  the  roof  of  the  drift,  using  light  charges  of  explosive  so  as 
to  avoid  injury  to  the  timbering,  and  subsequent  cuts  add  success- 
ively to  this  broken  ore,  the  excess  being  shovelled  down  the  ore 
chutes  to  the  cars  in  the  level  below. 

As  the  stope  is  thus  carried  upwards  in  the  pay  ore,  the  timber- 
men  keep  pace  with  the  machine  men  and  timber  and   lag  the 
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chutes  and  manwa}rs  so  that  they  are  kept  open  to  the  top  of  the 
pile  of  broken  ore,  which  acts  as  a  footing  on  which  the  miners  can 
work  at  the  unbroken  ground  overhead.  The  writer  has  calcu- 
lated that  in  stoping  in  the  Camp  Bird,  from  50  per  cent,  to  60  per 
cent,  of  the  ore  by  weight  remains  in  the  stopes,  and  from  50  per 
cent,  to  40  per  cent,  is  removed  and  milled. 

When  the  back  of  a  stope  becomes  low  grade,  if  it  be  deemed 
advisable  to  abandon  further  stoping,  the  lagging  of  the  chutes  is 
removed  beginning  at  the  top,  and  the  ore  is  run  down  and  hauled 
out  to  the  tramway.  The  ore  finally  remaining  directly  over 
the  drift  must  be  shovelled  into  the  chutes  in  order  entirely  to 
clear  the  stope.  In  thus  drawing  a  stope  it  is  usual  to  put  in 
numerous  stulls  as  the  level  of  the  broken  ore  is  lowered,  these 
stuUs  being  left  to  support  the  walls  of  the  now  open  stope. 
Where  waste  rock  is  available  it  can  be  advantageously  run  into  an 
open  stope. 

The  timbering  of  chutes  and  manways  is  indicated  in  Figs.  5 
and  6,  which  represent,  respectively,  longitudinal  and  cross  sec- 
tions taken  on  2d  Level  of  the  Camp  Bird  Mine  near  chute  No. 
28. 

Sullivan,  Ingersoll-Sergeant,  and  Rand  air  drills  are  used  in  min- 
ing, and  all  give  satisfaction.  In  the  wider  stopes  and  in  hard 
rock  as  well  as  in  drift  work,  a  3J^.inch  machine  is  employed, 
requiring  two  men  for  its  operation.  It  raises  and  in  softer  ground 
or  narrow  stopes,  a  drill  with  2  inch  or  2)^  .inch  piston  is  used, 
one  man  alone  operating  such  sizes.  These  small  sized  drills  are 
known  to  the  miners  as  "  Babies  **  and  *'  Chippies." 

Air  at  100  pounds  pressure  per  square  inch  is  brought  in 
through  the  tunnel  and  levels  by  6- inch  and  4- inch  pipe  and  taken 
up  manways  by  i-  to  2-inch  pipe  to  the  stopes  above.  Metal 
wound  rubber  hose  joins  the  air  pipe  to  the  machine,  50-foot 
lengths  of  hose  being  found  advantageous  as  giving  considerable 
mobility  to  the  machines.  At  the  mine  are  two  loo-horse-power 
Rand  compressors  and  one  200-horse-power  Riedler  compressor. 
These  are  driven  by  electricity,  with  steam  as  an  auxiliary  in  case 
of  accident  to  the  electric  system.  The  electric  power  is  supplied 
by  the  Telluride  Power  Co.  at  10.000  volts,  which  is  transformed 
to  400  volts  before  use  at  the  motors.  The  cost  of  the  current  is 
^7.00  per  horse-power-month.  It  is  possible  that  the  presence  of 
the   auxiliary  steam   attachments  is  of  advantage  in  tending  to 
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prevent  any  marked  rise  in  the  cost  of  electric  power.  The  speed 
of  drifting  is  80  to  1 20  feet  per  month ;  of  raising,  60  to  80  feet  per 
month . 


Wages  of  Miners  and  Trammers        $3.00  per  8  hours. 

**           Machine  men  (large  drills) 4.50  **  **  ** 

•«           Chuck  men           '•         "          4.00  "  "  " 

'<           Machine  men  (small  drills)          4.00  <*  '<  ** 

**          Mule  drivers   ...           •    .  3.25  **  *«  *• 

'*           Timbermen 3.50  "  *'  «* 

**           Blacksmiths 4.00  •«  **  *« 

««          Blacksmith's  helpers 3.25  *«  "  " 

In  raises  and  winzes,  small-machine  men  receive  ^4. 50  per  shift. 

Mill. 

The  mill  is  arranged  as  follows : 

-6  Grizzlies,  i  x2  inch  bars,  spaced  2  inches  c.  to  c,  40^  slope. 
3  Crushers,  Blake  pattern,  9x15  inch  jaw  opening. 

Ore  bins,  about  900  tons  capacity. 

* 

Automatic  feeders. 

60  Stamps,  850  lbs.  each,  6  inch  drop,  100  drops  per  minute,  4 
inch  discharge. 

25  mesh  No.  27  wire  battery  screens. 

Outside  copper  plates,  4^x16  ft.  (No  inside  amalgamation 
used.) 

Hydraulic  classifiers. 

30  Frue  Vanners  and  5  Wilfley  tables,  treating  classified  material 
(coarse,  medium,  fine,  and  slimes).  Corrugated  belts  are  used  on 
the  vanners  treating  the  coarsest  material. 

The  mill  stamps  190  to  220  gross  tons  of  ore  per  24  hours,  the 
average  being  about  3.5  tons  per  stamp.  Chrome  steel  shoes  and 
dies  are  found  most  satisfactory,  having  a  life  of  90  to  100  days  of 
24  hours. 

The  amalgamating  plates  are  dressed  every  3  hours,  and  are 
cleaned  up  twice  in  24  hours.  No  sodium  amalgam  is  used  in  the 
**  quick  "  (mercury),  a  double  retorting  being  found  sufficient  to 
keep  the  quick  in  good  condition. 

The  concentrates  are  shoveled  into  an  iron  car  and  trammed  to 
the  dry-house,  where  they  are  partially  dried  by  an  arrangement 
of  steam  pipes.  They  are  then  sacked  in  heavy  canvas  sacks 
holding  about  1 10  lbs.  each.  If  the  concentrates  were  completely 
dried,  there  would  result  much  loss,  due  to  fine  particles  sifting 
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through  the  canvas  of  the  sacks.  It  is  found  better  to  leave  a 
slight  percentage  of  moisture  which  acts  as  a  bond.  The  concen- 
trates are  shipped  to  the  smelter  at  Pueblo,  Colorado.  Power  for 
the  mill,  machine  shop,  carpenter  shop,  etc.,  is  furnished,  during  a 
targe  part  of  the  year,  by  a  7-ft.  Pelton  water  wheel,  operating 
under  170  lbs.  pressure.  When  the  water  is  low,  a  250  H.  P. 
Tandem  Compound  Allis  Corliss  engine  is  employed,  or  a  combi- 
nation of  this  engine  and  the  Pelton  wheel.     It  would  be  more 


Via.  7.  175  Ton  Vats  in  Cyanide  Mill.  Note  tailings  distributors  by  which  the  vals 
are  filled.  The  distributors  consist  of  hollow  revolving  arms  which  work  on  the  prin- 
ciple of  ihe  Barker's  Mill. 

satisfactory  to  employ  different  water  wheels  for  the  crushers,  the 
stamps,  the  vanners,  etc.  By  using  separate  and  independent 
motors,  a  shut  down  of  the  stamps,  for  any  reason,  would  not 
interfere  with  the  crushing  or  shop  work. 

Cyanide  Plant, 
The  tailings  from  the  mill  pass  by  gravity  to  the  lowest  floor  of 
the  cyanide  plant,  and   are  thence  elevated   by  centrifugal  sand 
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pumps  to  the  vats  above.  These  sand  pumps  are  a  source  of  con- 
siderable trouble,  and  the  expensive  hnings  of  manganese  steel  are 
soon  worn  out  by  the  sharp  tailings.  It  would  have  been  better 
practice  to  establish  the  cyanide  plant  at  a  lower  elevation  (or  the 
stamp  mill  at  a  higher  elevation)  and  thus  employ  gravity  for  the 
transfer  of  the  tailings. 

At  the  cyanide  plant  the  tails  undergo  either  a  "  single  "  or  a 
^'  double  "  treatment.  The  single  treatment  takes  place  in  large 
M^ooden  vats,  holding  275  to  3CX)  tons  each,  and  the  leachings  and 
'Washings  occupy  13  days  on  the  average.  In  the  double  treat- 
ment, the  stamp  mill  tails  are  first  leached  in  upper  vats,  holding 
S5  tons  each,  and  then  the  contents  of  these  vats  are  shoveled 
through  trap  doors  into  the  lower  vats  (also  of  85  tons  capacity) 
where  a  further  leaching  is  performed.  The  double  treatment 
requires  about  9  days'  time ;  but,  except  a  decrease  in  time,  it 
seems  to  present  no  advantage  over  the  single  treatment,  and  the 
cost  of  shoveling  out  an  85-ton  tank  is  I9.00  (3  men  at  ^3.00). 
The  supposed  advantage  of  the  double  treatment  was  to  break  up 
any  lumps  or  layers  impervious  to  the  solutions,  and  to  permit  the 
access  of  the  oxygen  of  the  air  to  all  parts  of  the  tailings. 

After  the  cyanide  treatment  is  completed,  the  barren  tailings  are 
sluiced  out  of  the  vats  and  allowed  to  run  to  waste.  The  aurif- 
erous cyanide  solutions  are  passed  through  zinc  boxes,  where  the 
gold  is  precipitated  in  the  form  of  impure  black  slimes.  These 
slimes  are  treated  with  sulphuric  acid  which  dissolves  most  of  the 
zinc.  They  are  then  dried  over  furnaces  in  large  iron  trays,  and 
afterwards  treated  in  a  small  reverberatory  furnace.  This  latter 
treatment  calcines  the  carbonates  of  lime  and  magnesium.  The 
calcined  slimes  are  next  fluxed  *  in  large,  graphite  crucibles,  and 
the  slag  skimmed  off  and  sacked.  This  slag  carries  8  oz.  gold  per 
ton,  and  is  shipped  to  the  smelter.  The  impure  bullion  is  finally 
refined  and  shipped  to  the  U.  S.  Mint  at  Denver. 
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NEW   GRAPHICAL   METHODS    IN   CRYSTALLOG- 
RAPHY.* 

By  AUSTIN  F.  ROGERS. 
(With  Plate  I.) 

Value  of  Graphical  Methods. 

To  anyone  who  has  worked  in  determinative  crystallography  the 
value  of  graphical  methods  is  apparent.  A  graphical  method  for 
the  solution  of  a  crystallographic  problem  serves  a  twofold  pur- 
pose: 

1.  It  furnishes  a  check  on  calculation.  The  work  must  be  checked 
in  some  way  and  graphical  methods  if  sufficiently  accurate  are 
preferable  to  duplicate  calculations. 

2.  It  presents  a  picture  of  the  mathematical  operation  involved 
and  often  enables  one  to  see  which  of  two  courses  to  follow,  more 
readily  than  do  the  formulae  used  in  calculation. 

Previous  Use  of  Graphical  Methods. 

Goldschmidt  has  treated  the  graphical  solution  of  crystallo- 
graphical  problems  quite  elaborately  in  his  "  Ueber  Projektion  und 
graphische  Krystallberechung."  He  solves  the  gnomonic  projec- 
tion completely  for  angles,  elements  and  indices,  but  as  developed 
by  him  it  is  so  intimately  connected  with  his  polar  symbols  and 
elements  that  only  those  familiar  with  his  system  use  it  to  any  ex- 

*  From  Ph.D.  Thesis. 
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tent.  In  spite  of  some  advantages  of  other  notations  for  crystal 
faces  and  forms  the  Miller  indices  are  decidedly  the  most  compact 
and  convenient. 

Experience  has  shown  that,  all  things  considered,  the  most  ele- 
gant method  of  representing  the  relative  positions  of  the  faces  of  a 
crystal,  the  zones  which  they  form,  and  the  kind  of  symmetry  with 
which  they  are  arranged,  is  by  means  of  the  stereographic  projec- 
tion. 

The  stereographic  protractors  recently  designed  and  described 
by  Penfield  *  nxay  be  applied  to  the  graphical  solution  of  certain 
crystallographic  problems,  but  these  do  not  include  the  chief  prob- 
lems of  crystallography,  namely,  the  determination  of  the  indices 
and  the  axial  elements  from  the  measured  angles  or  conversely  the 
determination  of  the  angles  from  assumed  indices  and  elements. 

In  the  complete  determination  of  a  crystal  there  are  three  stages 
of  calculation : 

1 .  Calculation  of  indices  from  measured  angles. 

2.  Calculation  of  axial  elements  from  indices  and  measured 
angles. 

3.  Calculation  of  theoretical  angles  from  axial  elements  and  as- 
sumed indices. 

It  is  the  purpose  in  this  paper  to  point  out  the  fact  that  a  graphic 
method  suffices  for  the  first  stage,  the  determination  of  the  indices 
and  that  it  furnishes  a  check  on  subsequent  calculation  of  theoret- 
ical angles  from  the  indices  and  axial  elements.  Hence  we  have 
two  stages  of  the  calculation  instead  of  three  and  the  proper  im- 
portance is  given  to  the  graphical  determination. 

Calculation  may  not  be  dispensed  with,  but  except  in  work  for 
record  and  comparison  the  graphic  method,  as  outlined  in  the  fol- 
lowing pages,  serves  for  the  complete  determination  of  the  mor- 
phology of  a  crystal  without  any  calculation  whatever. 

Graphical  Determination  of  Indices. 

A  graphical  method,  perhaps  the  one  best  adapted  to  general 
use  for  the  determination  of  the  indices  and  elements,  has  been 
elaborated  in  another  article  in  this  issue  of  the  QuARTERLY.f  In 
general  the  construction  is  limited  to  one  quadrant  and  so  does  not 
interfere  with  the  rest  of  the  projection. 


*  Amer.  Jour.  Set.  (4),  II  ;   I -24,  I15-143.      1 90 1, 
f  pp.  11-22. 
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Plate  I. 


Protractor  for  Determining  Indices.     Designed  by  Austin  F.  Rog«r& 
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But  the  disadvantage  of  this  method  is  that  it  involves  extra 
construction.  It  is  important  for  the  beginner  to  follow  the  con- 
struction, but  after  this  is  understood  the  protractor  about  to  be 
described  may  be  employed. 

A  New  Protractor  for  the  Direct  Determination  of  the 
Indices  from  the  Stereograph ic  Projection. 

Plate  I.  may  be  cut  out  and  used  as  a  protractor  for  the  determi- 
nation of  indices  of  faces  in  the  radial  zones  of  the  orthometric 
and  hexagonal  systems  directly  from  the  stereographic  projection. 
The  protractor  is  of  a  size  to  be  used  with  a  circle  of  7  cm.  radius, 
such  as  the  divided  circle  printed  on  the  sheets  designed  by  Pen- 
field,*  and  was  constructed  as  follows:  Two  parallel  lines  were  drawn 
7  cm.  apart  and  were  divided  on  a  decimal  of  7  cm.  =  unity.  On 
the  horizontal  line,  connecting  the  parallels  at  i,  stereographic  de- 
grees, the  tangents  of  which  are  equal  to  numbers  i  to  10  and  tenths 
from  0.1  to  i.o  were  laid  off.  On  several  other  horizontals  similar 
points  were  determined. 

On  the  line  at  2,  for  instance,  the  distance  on  i  marked  I  is  laid 
off  as  5^.  On  the  line  at  3  the  distance  marked  3  on  i  is  laid  off 
as  I,  and  so  on.  The  corresponding  points  on  all  horizontal  lines 
were  conne'cted,  thus  forming  a  system  of  curves.  The  unit  line  is 
heavier  than  the  others. 

To  determine  the  indices  of  the  faces  of  a  radial  zone  the  pro- 
tractor is  pla-  so  that  the  vertical  lines  are  perpendicular  to  the 
zone  line  ana  en  moved  along  until  the  unit  line  of  the  protractor 
falls  upon  the  pole  of  the  unit  face,  the  radial  zone  always  being 
paruJel  to  the  horizontal  lines  of  the  protractor.  The  indices  of 
other  faces  are  read  off  directly.  If  the  zone  is  [001  :okl\  010]  the 
ratio  kH  is  indicated.  For  instance  if  line  2  of  protractor  falls  upon 
a  pole  of  a  face  the  indices  of  that  face  are  021.  If  the  zone  is 
[001  :hol\  100]  the  ratio  hjl  is  given.  In  the  zone  of  unit  pyra- 
mids [001 : //A/:  no]  hjl  is  given.  The  ratio  hik  in  anyA>^/(or 
hko)  is  not  obtained  directly  from  the  protractor,  but  may  be 
found  by  locating  the  corresponding  okl  and  hoi  by  zone  circles 
(protractor  No.  IV.  of  Penfield)  and  then  determining  their  indices 
as  above. 

If  the  protractor  is  placed  so  that  its  unit  line  falls  upon  the  pole 
of  the  face  (Jikl)  in  which  k/l^  i,  the  ratio  kjl  of  the  other  faces 

*  loc.  dt. 
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of  the  zone  are  given.  If  placed  so  that  the  unit  line  falls  upon  a 
pole  of  a  face  {hkl)  in  whick  A//=:  i,  the  ratio  A/l  of  other  faces 
results.  Or  the  graphic  method  given  in  the  article  referred  to  on 
a  preceding  page  may  be  employed  for  the  determination  of  the 
ratio  A/k  and  the  protractor  used  for  the  determinations  of  the 
ratios  i/l  and  A/l, 

In  the  monoclinic  system  only  the  ratio  i/l  may  be  determined 
by  the  protractor.  The  protractor  is  placed  on  the  imaginary 
orthorhombic  zone  from  center  of  projection  to  position  oio. 

Graphical  Determination  of  Axial  Ratio. 

In  the  radial  zone  [ooi  :oio]  or  [oooi :  1120]  or  the  imaginary 
orthorhombic  zone  of  the  monoclinic,  the  value  of  the  axis  c  is  in- 
dicated by  the  reading  on  the  vertical  lines,  or  if  the  radial  zone  is 
[001 :  100]  the  value  a/c  is  similarly  given. 

Graphical  Determination  of  Angles. 

The  protractor  may  also  be  used  to  determine  the  angle  which 
a  dome  form  with  known  indices  makes  with  other  faces  of  the 
zone  if  the  axial  ratio  is  known.  For  instance  to  find  angle  (001 : 
021)  if  ^s=  1.35.  Determine  the  distance  in  stereographic  degrees 
(measured  on  protractor  I.)  of  2  line  from  the  left  vertical  along  the 
horizontal  line  connecting  the  1.35  points.  To  determine  angle 
[001  :  102]  if  ^/^:=s  2.1,  find  along  the  line  connecting  the  2.1  points 
on  the  protractor  the  distance  in  stereographic  degrees  of  the  j4 
line  (^//)  from  the  left  vertical  line. 

In  spite  of  the  limitations  of  the  protractor  it  may  prove  useful 
and  a  fair  degree  of  accuracy  is  claimed  for  it.  For  the  determina- 
tion of  faces  with  complex  or  very  high  indices  it  cannot  of  course 
take  the  place  of  more  accurate  graphic  determination,  but  such 
faces  occur  rarely. 

It  may  be  used  in  the  orthometric  and  hexagonal  systems  for 

the  complete  determination  of  a  crystal,  including  indices  and  axial 

ratios,  from  the  stereographic  projection  without  calculation  or 

construction. 

Example. 

I-,et  Fig.  II  (p.  15  in  preceding  article)  represent  one  quadrant 
of  the  projection  of  an  orthorhombic  crystal.  To  determine  from 
the  projection  the  axial  ratio  and  the  indices  of  all  faces.  Assume 
certain   faces  ^01 1),  m{iio)  as   unit   faces.     Draw   zone   circles 
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through  C,  B  and  A.  The  okl  planes  corresponding  to  pyramids 
ff  z  and  T  are  located  by  protractor  IV.  upon  radius  CB  at  ( — ),  o 
and  d  respectively.  The  hoi  planes  corresponding  to  /  and  ^  ^^re 
located  at  /,  z  at  ( — ),  t  at  ( — ),  upon  radius  ac. 

Take  the  zone  \po\  :oio].  Place  unit  line  of  protractor  on  o, 
then  a  is  located  at  0.12  (a  little  over  o.i);  ( — ),  at  0.25  p,  at  0.33 ; 
f ,  at  0.5  ;  d,  at  2.0 ;  /9,  at  3.0.  c  as  indicated  on  verticals  of  pro- 
tractor is  1.29,  the  calculated  value  being  1.289. 

Zone  circles  through  o  and  tn  show  that  loi,  which  does  not 
occur  on  the  crystal  lies  at  ( — \  Then  using  protractor  on  zone 
[001 :  100]  we  find  /  at  0.25 ,  e  at  0.33,  d  at  0.50,  ( — )  at  2.0.  a/c  as 
indicated  on  vertical  is  1.6.  a  may  be  found  by  prolonging  radius 
through  no.  Then  distance  -^7"=  df  =  0.782,  calculated  being 
0.785. 

Hence  the  indices  of  the  faces  are  as  follows. 

The  coordinate  angles  of  some  of  the  forms  as  found  by  the  pro- 
tractor together  with  the  calculated  values  are  also  given  to  show 
the  accuracy  of  the  determination  of  the  coordinate  angles  when 
the  indices  and  axial  elements  are  known. 
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Graphical  Determination  of  Indices  from  Inter- 
facial  Angles. 

In  spite  of  the  great  advantages  of  measurements  by  means  of 
the  two-circle  goniometer  and  of  the  convenience  of  coordinate 
angles  for  the  purpose  of  record  and  comparison  it  may  be  found 
at  times  more  convenient  to  make  use  of  the  one-circle  goniometer  . 
and  interfacial  angles. 
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There  is  a  convenient  method  for  graphically  determining  the 
indices  from  the  interfacial  angles.  In  the  orthometric  and  hex- 
agonal systems,  and  certain  zones  of  the  monoclinic  and  triclinic 
the  method  is  exactly  the  same  as  that  given  under  the  coordinate 
angles,  simple  relations  existing  in  these  cases  between  the  coor- 
dinate and  interfacial  angles.  In  other  zones  of  the  monoclinic 
and  triclinic  a  slightly  different  method  is  employed. 

We  may  illustrate  the  principle  by  one  zone  of 'a  triclinic 
crystal,  for  instance  the  zon^  3CB  (P'lg.  21,  p.  21). 

Let  Fig.  20,  p.  21,  be  horizontal  projection  of  zone  in  question. 
From  B  (010)  lay  off  angles  ^i^(oiO:^>fe/)  ^Z)(oio:oii)/?C  (010: 
001)  BD'  (010  :  on)  BH'  (010:^^/),  etc.  (These angles  are  found 
from  the  projection  by  protractor  No.  II.  of  Penfield.)  Draw  radii 
through  these*  points.  Then  the  intercepts  which  the  radii  make  on 
a  line  drawn  parallel  to  BB'  are  in  the  ratio  of  the  indices.  If  the  line 
is  located  so  that  the  distance  ^/'between  the  radii  through  C{ooi) 
and  D  (01 1)  is  equal  to  unity  of  the  scale  line,*  then  RT  =  kjl. 
Similary  \{  D  is  01 1 ,  ^7"is  i ,  and  RV^'kjL  For  a  zone  BKB' 
the  distances  -^T'and  RV  are  in  ratio  of  kjk'y  if  P  is  //i/then  RT* 
=  k!.  Similarly  for  zone  APD  if  /^  is  1  kl,  RT  ^  h\  For  the 
zoneCPA  if /'is  hk\,  RT^l\. 


THE   MAGNETIC  PROPERTIES  OF  IRON   AND   STEEL 
AT  LIQUID  AIR  TEMPERATURES.f 

By  C.  C.  TROWBRIDGE. 

Liquid  air  has  been  the  means  of  extending  research  in  the 
various  branches  of  physics  to  extremely  low  temperatures. 
Among  the  investigations  of  industrial  importfince  that  have  been 
made  are  those  relating  to  the  effect  of  low  temperatures  on  the 
magnetic  properties  of  iron  and  steel.  It  is  the  purpose  of  this 
paper  to  give  a  brief  account  of  these  investigations  and  the  re- 
sults obtained.  A  statement  first  in  regard  to  the  temperature  of 
liquid  air  will  not  be  out  of  place,  and  an  account  of  the  results  of 
measurements  of  the  peculiar  magnetic  property  of  liquid  oxygen 
should  be  of  interest. 

*  Radius  of  circle  is  a  convenient  unit.     (Scale  No.  4  of  Penfield  sheets. ) 
tPdblished  in  the  Eleitricai  iVorl.i  anl  En-rineer^  August  30,  1902. 


PROPERTIES  OF  IRON  AND-  STEEL.  73 

The  Temperature  of  Liquid  Air. 

If  a  quantity  of  atmospheric  air  is  liquefied  its  temperature  be- 
comes approximately  —191.5°  C.  at  normal  pressure.  Liquid  air, 
however,  changes  in  composition  when  it  is  boiling,  the  percentage 
of  nitrogen  in  it  diminishing  while  that  of  oxygen  increases.  This 
change  occurs  because  the  boiling  point  of  liquid  nitrogen  at  atmos- 
pheric pressure  is  —1945°  C.  and  that  of  liquid  oxygen  —182.5° 
C,  and  the  former  liquid  boils  away  at  a  higher  rate  than  the  latter. 
It  follows  that  boiling  liquid  air  also  changes  in  temperature.  If 
liquid  air  is  allowed  to  boil  for  a  considerable  time  its  temperature 
gradually  approaches  that  of  liquid  oxygen,  —182.5°  C.,  but  when 
it  is  used  for  experimental  purposes  its  temperature  is  usually  about 
—  185°  C.  The  temperature  of  the  liquid  air  is,  therefore,  at  least 
200°  C.  below  normal  room  temperature,  which  is  generally  con- 
sidered 20°  C.  This  difference  gives  a  wide  range  of  temperature 
for  experimental  purposes.  In  addition,  oppi^tunity  is  offered  of 
studying  the  properties  of  materials  at  the  very  low  temperature 
of  — 185°  C.  While  considerably  lower  temperatures  than  this 
have  been  obtained  by  Professor  James  Dewar  and  others,  research 
in  this  direction  has  been  confined  mainly  within  the  low  tempera- 
ture limit  mentioned. 
* 

Extremely  low  temperatures  have  been  obtained  by  liquifying 
hydrogen,  which  has  a  boiling  point  of  —  252.5°  C,  or  20.5  abso- 
lute. At  —  258  C,  hydrogen  becomes  a  solid,  and  has  been  cooled 
to  —  260°  C,  the  lowest  temperature  obtained.  These  temper- 
atures have  been  measured  by  hydrogen  and  helium  thermometers. 
Below  —  200°  C.  resistance  thermometers  are  unreliable,  owing  to 
the  fact  that  below  that  temperature  curves  of  resistance  do  not 
follow  any  general  law,  and  because  at  very  low  temperatures  the 
slightest  impurity  in  the  metal  brings  about  a  considerable  differ- 
ence of  resistance  from  that  of  the  pure  metal. 

The  investigations  on  the  effect  of  low  temperatures  on  the  mag- 
netic properties  of  iron  and  steel  which  have  been  made,  have 
been  on  the  strength  of  permanent  magnets  and  on  magnetic  per- 
meability and  hysteresis  in  iron  and  steel,  liquid  air  being  em- 
ployed to  cool  the  specimens  tested  to  about  —185°  C.  The 
results  of  the  investigations  will  be  presented  separately.  Experi- 
ments of  this  nature  are  of  industrial  importance,  for  they  will 
unquestionably  lead  to  a  more  definite  knowledge  of  the  molecular 
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changes  in  iron  and  steel  when  subjected  to  magnetic  influences. 
It  is  to  such  experiments  that  the  great  progress  in  practical  elec- 
tricity is  primarily  due.  The  subjects  to  be  presented  will  be 
taken  up  in  the  following  order : 

(i)  The  magnetic  permeability  of  liquid  oxygen  and  liquid  air. 
(2)  Experiments  at  low  temperatures  on  permanent  magnets.  (3) 
Magnetic  permeability  and  hysteresis  in  iron  and  steel  at  low  tem- 
peratures. (4)  General  summary  of  the  results  of  the  experiments 
described. 

Magnetic  Permeability  of  Liquid  Oxygen  and  Liquid  Air. 

The  magnetic  permeability  of  liquid  oxygen  as  compared  to 
that  of  other  liquids  is  very  high,  as  can  be  seen  from  the  results  of 
an  investigation  of  Fleming  and  Dewar,  who  have  studied  the 
magnetic  permeability  of  liquid  oxygen  and  liquid  air.  They  found 
that  the  magnetic  permeability  of  liquid  oxygen  is  1.00287.  This 
number  is  the  ratio  of  the  magnetic  permeability  of  liquid  oxygen 
to  that  of  cold  gaseous  oxygen,  and  by  the  same  method  used  in 
the  given  determination  no  difference  was  detected  between  the 
magnetic  permeability  of  gaseous  oxygen  at  —182  C.  and  at 
normal  temperatures.  The  value  1.0024  was  obtained  for  liquid 
air,  its  magnetic  permeability  being  chiefly  due  to  the  liquid 
oxygen  it  contained. 

Later,  the  same  investigators  determined  the  magnetic  per- 
meability of  liquid  oxygen,  employing  a  different  method  from  the 
one  previously  used,  and  obtained  the  value  1.0041,  which  is  not 
very  different  from  their  first  measurement  (about  one  part  in  a 
thousand).  They,  however,  consider  the  latest  value,  1.0041,  more 
accurate  than  the  former,  1.00287. 

In  the  course  of  these  experiments  relating  to  the  magnetic 
permeability  of  liquid  oxygen,  Professors  Fleming  and  Dewar 
measured  the  magnetic  susceptibility  of  crystallized  manganous 
sulphate  in  the  form  of  a  powder.  They  found  that  the  suscepti- 
bility of  the  salt  at  25°  C.  is  to  that  at  — 182°  C.  in  the  ratio  of  105 
to  349,  or  I  to  3.32.  The  centigrade  temperatures,  25°  C.  and 
—  182°  C,  correspond  to  298  and  91  degrees  on  the  absolute  scale. 
Thus  it  is  evident  that  the  magnetic  susceptibility  of  the  solid 
manganous  sulphate  "  is  increased  by  cooling,  so  that  its  value 
varies  inversely  as  the  absolute  temperature,  and  is  increased  three- 
fold by  cooling  to  the  temperature  of  liquid  air." 
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They  also  measured  the  diamagnetic  susceptibility  of  bismuth 
at  both  15°  C.  and  —182°  C.  and  found  that  it  increased  only  16 
per  cent,  at  —182°  C;  and  therefore,  that  it  is  not  increased  in- 
versely as  the  absolute  temperature  on  cooling. 

A  short  table  is  given  herewith  to  show  a  comparison  of  the 
magnetic  permeabilities  of  various  liquids.  The  values  for  per- 
meability ( /£ )  were  calculated  by  the  use  of  the  formula  /tz  =  i  +  4irk 
from  determinations  of  magnetic  susceptibility  (k)  of  liquids,  made 
by  various  investigators.  The  value  for  susceptibility  for  liquid 
oxygen  according  to  the  latest  figures  is  over  five  times  as  great  as 
that  for  ferric  chloride,  one  of  the  most  magnetic  of  the  iron  salts, 
the  magnetic  permeability  of  which  is  given  fourth  in  the  following 
table: 

Table  I. 

Magnetic  Permeability  of  Various  Liquids. 

Liquid.  Permeability  (^).  Determined  by 

Liquid  oxygen 1. 0041       (Latest)    F.  &  D. 

Liquid  oxygen 1.00287  F.  &  D. 

Liquid  air      1.00240  F.  &  D. 

Ferric  chloride  (sat.  sol.) 1.00072  Townscnd. 

Manganese  chloride 1. 0001 9  W&hner. 

Cobalt  chloride 1.000038 

Nickel  chloride 1.000023 

Water  (D  .9993) 999993 


(C 

i( 


Water 99999^ 


It- 


All  of  these  values  are,  however,  far  below  that  of  the  so-called 
non- magnetic  iron  alloys.  Twelve  per  cent,  manganese  steel,  usu- 
ally called  non-magnetic,  has  a  magnetic  permeability  of  1.3  to  1.4. 

An  important  note  relating  to  the  investigation  on  the  magnetic 
permeability  of  the  liquid  oxygen,  by  Fleming  and  Dewar,  has 
been  published  by  the  authors,  and  is  as  follows :  *'  In  connection 
with  the  above  investigation,  it  is  interesting  to  note  one  remark- 
able difference  between  the  magnetic  susceptibility  of  oxygen  in  the 
liquid  and  in  the  gaseous  state.  The  mass  of  i  c.c.  of  gaseous 
oxygen,  taken  at  15°  C.  and  760  mm.  is  0.00134  gram.  The  mass 
of  I  c.c.  of  liquid  oxygen,  taken  at  —182°  C.  and  760  mm.  as  de- 
termined by  one  of  us  (J.  Dewar),  is  1. 1375  gramme.  Hence,  the 
ratio  of  the  density  of  liquid  oxygen  to  that  of  gaseous  oxygen  is 
849  to  I. 

*  Mean  of  results  of  six  investigations. 


76  THE.  QUARTERLY, 

"  The  magnetic  susceptibility  of  gaseous  oxygen  at  15®  C.  and 
760  mm.,  as  obtained  from  the  figures  given  by  Faraday  and  E. 
Becquerel,  is  0.143  x  lO"^  per  unit  of  volume,  whilst  the  mag- 
netic susceptibility  in  the  liquid  state  is,  as  we  have  shown,  228 
X  io~*.  Hence  the  ratio  of  the  magnetic  susceptibility  of  liquid 
oxygen  to  that  of  gaseous  oxygen  for  equal  volumes  is  1594  to  I- 

"  In  other  words,  the  magnetic  susceptibility  of  liquid  oxygen  is 
nearly  twice  as  great  as  that  of  gaseous  oxygen  of  equal  masses. 
The  inference  is  that  magnetic  susceptibility  is  not  merely  a  prop- 
erty of  the  molecule  per  se^  but  is  a  function  of  the  state  of  aggre- 
gation." 

Experiments  on  the  Strength  of  Permanent  Magnets. 

Dewar  has  investigated  the  effect  of  lowering  the  temperature  of 
permanent  magnets  to  —182°  C.  and  determining  their  magnetic 
moments  at  +15°  and  —182°  C.  through  several  cycles  of  tem- 
perature change  between  these  limits.  Subsequently,  more  exten- 
sive experiments  of  the  same  nature  were  performed  by  Dewar 
and  Fleming  together.  Among  the  conclusions  reached  by  them 
are  the  following : 

*•  I.  That  the  sudden  cooling  of  the  temperature  of  liquid  air 
usually  permanently  decreases  the  magnetic  moment  of  short  mag- 
nets made  of  many  varieties  of  steel,  assuming  them  to  have  been 
magnetized  initially  in  a  strong  field. 

*<  2.  This  initial  decrease  is  found  both  in  hardened  steels  having 
great  coercive  force  and  also  in  the  same  steels  in  a  soft  or  annealed 
condition,  and  especially  conspicuous  in  the  case  of  the  19  per  cent, 
nickel  steel. 

"  3.  In  the  case  of  most  steels  so  far  examined  the  effect  of  cool- 
ing magnets  made  of  them  to  —185°  C.  is  to  temporarily  increase 
the  magnetic  moment  after  the  permanent  magnetic  condition  has 
been  reached. 

"  4.  The  exceptions  of  the  above  rule  so  far  noted  are  the  nickel 
steels  with  percentages  of  nickel  from  19  to  29  per  cent.,  in  which 
case  the  magnetic  moment  is  always  decreased  temporarily  by  cool- 
ing to  —185°  C.  after  the  permanent  condition  has  been  reached." 

In  the  experiments  just  referred  to,  performed  by  Dewar  and 
Fleming,  the  steels  tested  were  magnetised  at  normal  temperatures 
and  then  subjected  to  temperature  changes  through  the  range 
+  150  to  —185®  C. 
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The  writer  has  recently  made  a  series  of  experiments  with  per- 
manent magnets  which  were  magnetized  at  the  temperature  of 
liquid  air  (—185°  C).  The  magnetic  strength  of  the  magnets 
were  shown  by  their  magnetic  moments  determined  by  means  o^ 
a  magnetometer.  The  magnetic  moments  obtained  by  magnet- 
ization at  approximately  —185^  C.  were  compared  with  the  mag- 
netic moments  of  bars  of  the  same  steel  obtained  by  magnetization 
at  normal  temperature,  20°  C.  The  change  of  magnetic  strength 
produced  by  heating  bar  magnets  to  20°  C.  which  had  been  mag- 
netized at  —185^  C.  was  determined  also  and  compared  with  the 
change  produced  by  cooling  magnets  of  the  same  steel  to  —185^ 
C.  which  had  been  magnetized  at  20°  C.  The  experiments  were 
chiefly  confined  to  carbon  magnet  steel  and  tungsten  magnet  steel. 
Among  the  results  obtained  were  those  given  below,  which  are 
shown  for  convenience  in  tabular  form. 

In  these  experiments  the  initial  change  of  magnetic  strength  or 
the  first  gain  or  loss  in  the  magnetic  moment,  accompanying  the 
first  change  of  temperature  of  the  bars  of  steel  after  they  were 
magnetized  was  determined,  because  it  has  been  shown  that  the 
change  of  magnetic  strength  of  a  permanent  magnet  due  to  a 
change  of  temperature  depends  partly  on  the  previous  history  of 
the  magnet.  Special  care  was  taken  not  to  jar  the  magnets  through- 
out the  experiments,  and  also  to  determine  their  magnetic  mo- 
ments immediately  after  magnetization. 

Three  bars  of  carbon  steel,  size  83  x  lOx  3  millimeters,  weighing 
24.45  grams,  were  heated  together  to  a  red  heat  and  then  hard- 
ened in  water  at  20°  C.  They  were  magnetized  at  —185°  C.  and 
then  immediately  warmed  to  20°  C.  The  magnetic  moments  at 
these  temperatures  were  as  follows : 


Table  II.  {a). 

Carbon  Steel  Magnetized  at 

i85« 

c. 

Magnetic 
Moment  at 

Magnetic 
Moment  at 

Difference 

Percentage 

Magnet. 

-i85<3C. 

20°  C. 

(Loss). 

(Loss). 

I 

211 

131 

80 

37.9 

2 

202 

140 

62 

30.6 

3 

211 

M7 

64 

303 

Mean 

329 
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Another  bar  of  this  steel  of  the  same  dimensions  and  weight  as 
the  magnets  I,  2  and  3  and  hardened  with  them,  was  magnetized 
at  20°  C.  and  then  immediately  cooled  to  — 185°  C.  The  mag- 
netic moments  at  20°  C.  and  —185^  C.  were  as  follows: 


Table  II.  {b). 

Carbon  Steel  Magnetized 

AT   20®    C. 

Magnet. 

4 

Magnetic                 Magnetic 
Moment  at              Moment  at 

ao^C.                   -185OC. 
208                           189 

Diflference 

(Loss). 

19 

Percentage 
(Loss). 

9.1 

It  is  evident  that  the  initial  loss  in  magnetic  moment  due  to 
change  of  temperature  when  the  steel  is  magnetized  at  —185^  C. 
and  then  warmed  to  20°  C.  is  much  greater  than  for  the  reverse 
operation,  although  in  either  case  a  considerable  loss  in  the  mag- 
netic moment  is  the  result  of  a  change  in  temperature  of  the  steel 
of  205  degrees. 

These  carbon  steel  magnets,  i,  2,  3  and  4,  were  allowed  to  rest 
undisturbed  for  nine  days  at  approximately  constant  temperature 
(room  temperature  in  April).  Their  magnetic  monients  were  then 
determined,  and  are  given  in  Table  III. 


Table 

III. 

.BON  Steel  : 

Total  Loss  of 

Magnetic 

Moment  at  the 

End 

of  Nine  Dj 

Magnet. 

Original 

Magnetic 

Moment. 

Magnetic 
Moment 
After  9  Day 

s. 

Difference 
(Loss). 

Percentage 
(Loss). 

I 

211 

127 

84 

39.8 

2 

202 

136 

66 

32.6 

3 

211 

J38 

73 

34.6 

4 

208 

170 

38 

18.2 

Magnets  i,  2  and  3  were  magnetized  at  —185°  C.  and  then 
warmed  to  20°  C.  The  total  loss  of  magnetic  strength  of  these 
magnets  since  magnetization  was  approximately  twice  as  much  as 
magnet  4,  which  was  magnetized  at  20^  C,  cooled  to  — 185°  C. 
(with  a  loss  of  9.1  per  cent.),  and  then  warmed  to  20°  C.  again. 

Tungsten  Steel  from  S/ieffield. — ^Three  bars  of  tungsten  steel,  sizes 
89  X  2  X  3  millimeters,  each  weighing  5.05  grammes,  were  hard- 
ened together  in  water  at  20°  C.  They  were  magnetized  at  —185^ 
C,  and  then  warmed  to  20°  C.  The  magnetic  moments  at  the  two 
temperatures  were  as  follows : 
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Table  IV,  [a). 
Tungsten  Steel  Magnetized  at  185°  C. 


Magnet. 

Magnetic 
Moment  at 
—  x85°C. 

Magnetic 
Moment  at  , 
aoOC. 

Difference 
(Loss). 

Percentage 

(Loss). 

I 

212 

179 

33 

15.5 

2 

228 

192 

36 

15.7 

3 

232 

206 

26 

II. 2 

Mean 

14. 1 

A  bar  of  this  steel,  hardened  with  magnets  i,  2  and  3,  was  mag- 
netized at  20°  C.  and  then  cooled  to  — 185°  C.  The  magnetic 
moments  obtained  were  as  follows: 


Table  IV. 

Tungsten  Steel  Magnetized  at  20®  C. 

Magnet. 

Magnetic                     Magnetic 
Moment  at                  Moment  at                 Difference 
aoOC.                       —  X85OC.                      (Loss). 

Percentage 
(Loss). 

4 

213                             200                            13 

6.1 

Bundle  of  iron  wires  (not  pure  iron),  9  cm.  long,  heated  to  a  red 
heat  and  cooled  in  air  at  20^  C,  magnetized  at — 185^  C,  and 
then  warmed  to  20°  C,  showed  the  following  loss  of  magnetic 
strength  : 

Table  V. 

Iron  Wire  Magnetized  at  —  185®  C. 

Magnetic  Moment.  Magnetic  Moment.  Difference  Percentage, 

at  —  185O  C  at  20°  C.  (Loss).  ( Loss). 

22.3  13-5  8.8  39.4 

Another  fact  is  shown  by  these  experiments ;  approximately  the 
same  magnetic  moment  is  produced,  whether  the  steel  is  magnet- 
ized at  20°  C.  or  —185°  C,  other  conditions  being  equal.  This  is 
evident  from  a  comparison  of  the  magnetic  moments  obtained 
after  magnetizing  steel  bars  at  —185°  C,  with  the  magnetic  mo- 
ment obtained  after  magnetizing  a  bar  of  the  same  steel  at  20^  C. 

Table  VI. 

Carbon  Steel,  Magnetized  at  — 185®  C.  and  at  20°  C. 

Magnet.  Magnetized  at  Magnetic  Moment. 

1  —185°  C.  211 

2  —185®  C.  202 

3  —  I85»C.  2H 

4        4-  20°  C.        208 
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Table  VII. 

Tungsten  Steel,  Magnetized  at  — 185°  C.  and  at  20°  C. 

Ma8:net.  Maffnetized  at  Magnetic  Moment. 

1  —185^  C.  212 

2  —  185*  C.  228 

3  —i85*»  C.         232 

4  4-  20®  C.        213 
5*        +  20®  C.         232 

The  writer's  experiments  on  the  magnetization  of  steel  at  liquid 
air  temperatures  seem  to  warrant  the  following  general  conclusions. 

1.  That  approximately  the  same  magnetic  moment  is  obtained  * 
whether  a  bar  of  tungsten  steel  or  carbon  steel  is  magnetized  at 
normal  or  at  liquid  temperature,  other  conditions  being  equal. 
This  is  evident  from  a  comparison  of  the  magnetic  moments 
obtained  after  magnetizing  steel  bars  at  -—185°  C,  with  the  mag- 
netic moment  obtained  after  magnetizing  a  bar  of  the  same  steel 
at  20°  C. 

2.  That  the  initial  loss  in  the  magnetic  moment,  due  to  change 
of  temperature,  of  a  bar  of  steel  magnetized  at  —185°  C.  and  then 
heated  to  20°  C.  is  much  greater  than  when  the  bar  is  magnetized 
at  20°  C.  and  then  cooled  to  —185°  C,  a  considerable  loss  occur- 
ring in  both  cases. 

3.  That  there  is  a  certain  amount  of  unstable  magnetism  in  a 
newly  made  steel  magnet,  which  tends  to  permanently  disappear 
at  the  first  change  of  temperature  in  either  direction  from  that  at 
which  magnetization  takes  places,  much  more  of  the  unstable  mag- 
netism passing  off  by  heating  than  by  cooling. 

Concerning  these  results,  Mr.  F.  A.  Giffin  makes  the  following 
suggestions,  that  "  in  the  light  of  the  molecular  strain  hypothesis, 
the  fact  that  molecular  rigidity  increases  with  descending  tempera- 
tures may  explain  the  relative  rapid  recovery,  i.  ^.,  decrease  in 
magnetic  moment  of  those  bars  which  were  magnetized  at  lower 
temperatures.  In  other  words,  the  strained  condition  of  a  magnet- 
ized cold  bar  is  relatively  artificial,  and  any  rise  in  temperature 
tends  to  leave  its  molecules  free  to  respond  to  the  restoring  action 
of  internal  stresses.  It  would  appear  that  the  molecular  moment 
due  to  the  magnetic  field  was  large  in  comparison  with  the  oppos- 
ing intermolecular  moment  developed  in  the  bars  under  experi- 
ment ;  this  would  make  the  magnetic  moment  independent  of  the 

*5  magnetized  previously  at  —  185®  C. 
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temperature."  This  assumption  is,  of  course,  meant  to  refer  to  the 
initial  magnetic  moment,  or  that  immediately  after  magnetization, 
and  it  seems  most  probable  that  it  would  be  found  to  be  true  for 
strong  magnetizing  forces,  while  perhaps  not  for  those  that  are 
very  weak. 

It  is  necessary  here  to  call  attention  to  the  fact  that  in  several 

cases  mistakes  have  been  made  by  writers  in  stating  the  results  of 

investigations  on  magnetism  at  low  temperature.     Among  these 

is  the  following  statement,  taken  from  Thompson's  «  Elementary 

.Lesson  in  Electricity  and  Magnetism,"  edition  of  1901,  p.  104: 

"Trowbridge  found  severe  cooling  at  100  degrees  below  zero  to 
destroy  the  magnetism  of  steel  magnets ;  but  Dewar  has  observed 
that  when  cooled  to  —185°  C  in  liquid  oxygen  the  magnetic 
properties  of  the  iron  are  nearly  twice  as  high  as  at  0°  G." 

What  Professor  John  Trowbridge  found  was  as  follows :  That  a 
bar  magnet  magnetized  at  6°  or  8°  C.  when  cooled  from  4°  C.  to 
—25°  C.  lost  less  than  4  per  cent,  of  magnetism.  For  a  greater 
reduction  of  temperature,  to  about  —80^  C,  a  far  greater  percent- 
age loss  of  magnetism  was  observed.  In  one  case  a  bar  magnet 
magnetized  to  saturation  lost  66  per  cent,  of  its  magnetism. 

The  latter  part  of  the  statement  quoted  above  probably  refers  to 
an  investigation  of  Fleming  and  Dewar,  on  the  permeability  of  iron 
and  steel  at  liquid  air  temperatures,  the  results  of  which  are  given 
below. 

Permeability  and  Hysteresis  Loss  of  Iron  and  Steel  at  Low 

Temperatures. 

Fleming  and  Dewar  found  in  an  extensive  series  of  measurements 
that  the  magnetic  permeability  of  annealed  soft  Swedish  iron  de- 
creased when  cooled  to  low  temperature,  but  that  the  permeability 
of  unannealed  Swedish  iron  increased  as  the  temperature  dimin- 
ished. In  the  case  of  hardened  iron,  the  permeability  increased 
several  hundred  per  cent,  when  the  iron  was  cooled  to  liquid  air 
temperature.  These  results  were  for  both  weak  and  strong  mag- 
netizing forces. 

A  steel  pianoforte  wire  behaved  the  same  as  annealed  soft  iron ; 
when  a  strong  magnetizing  force  was  used  its  permeability  de- 
creasing over  50  per  cent,  when  cooled  from  0°  to  —  200°  C. 

These  investigators  found  that  for  various  induction  densities 
the  hysteresis  loss  was  the  same  at  —186°  C.  as  at  normal  tem- 
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perature.  Curves  showing  effect  of  low  temperatures  on  magnetic 
permeability  of  iron  and  steel,  according  to  Fleming  and  Dewar, 
are  given  on  the  following  page. 

T.  Claude  has  also  studied  the  magnetic  properties  of  iron  at 
low  temperatures.  According  to  his  experiments,  for  high  induc- 
tion densities,  the  permeability  and  hysteresis  loss  of  iron  are  the 
same  at  — 186^  C.  as  at  20°  C,  except  for  a  slight  tendency 
toward  diminution  at  the  low  temperature.  For  low  induction 
densities  the  permeability  and  hysteresis  loss  diminish  with  the 
temperature  to  a  marked  extent. 

A.  H.  Thiessen  has  investigated  the  hysteresis  of  iron  and  steel 
at  100°  C,  20°  C.  and  that  obtained  by  using  solid  CO,  (about 
—80°  C).  He  found  that  for  soft  wrought  iron,  the  hysteresis  losses 
increase  with  decreasing  temperature  when  the  maximum  magnet- 
izing force  causes  approximate  magnetic  saturation,  and  that  the 
reverse  is  true  for  low  magnetizing  forces. 

The  same  effects  of  temperature  are  found  for  annealed  crescent 
tool  steel. 

In  the  case  of  5  per  cent,  nickel  steel,  for  a  maximum  magne- 
tizing force,  the  hysteresis  loss  likewise  increased  as  the  tempera- 
ture diminished.  While  these  results  are  in  agreement  with 
previous  determinations  at  very  high  temperatures,  they  are  not  in 
agreement  with  the  results  of  Fleming  and  Dewar  and  Claude,  who 
found  that  the  hysteresis  loss  of  soft  iron  was  the  same  at  20P  C. 
and  about  —185°  C.  Thiessen,  however,  did  not  experiment  be- 
low —  80°  C.  Fleming  and  Dewar  refer  to  the  experiments  of 
Lows  and  Warren,  who  found  that  the  hysteresis  loss  in  very  soft 
steel  began  to  decrease  only  after  the  material  was  heated  to  above 
150*^  C;  after  that  it  decreased  regularly  in  accordance  with  the 
simple  linear  function  of  the  temperature. 

In  one  experiment  where  Lows  and  Warren  tried  with  the  same 
material  cooled  to  —78°  C.  in  solid  carbonic  acid  and  ether,  they 
found  no  difference  between  the  hysteresis  loss  of  soft  steel  at  that 
temperature  and  at  normal  temperatures. 

The  results  of  these  experiments  clearly  indicate  that  determina- 
tions of  the  magnetic  properties  of  iron  and  steel  at  different  tem- 
peratures largely  depend  on  the  composition  and  the  degree  of 
hardness  of  the  samples  tested.  It  is  most  probable  that  the  dif- 
ference in  the  results  of  the  experiments  cited  above  is  due  to  a 
difference  in  the  material  used  in  the  tests  and  the  conditions  of 
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the  experiments,  rather  than  any  mistakes  on  the  part  of  the  in- 
vestigators. 

It  will  be  difficult  to  formulate  laws  in  regard  to  the  magnetic 
properties  of  iron  and  steel  at  very  low  temperatures,  unless  the 
complete  analysis  of  the  material  and  the  thermal  and  the  mechan- 
ical treatment  of  the  samples  immediately  previous  to  the  experi- 
ments are  known. 

General  Summary  of  the  Results  of  the  Experiments 

Described. 

The  credit  of  the  greater  part  of  the  work  done  thus  far  on 
magnetism  at  low  temperatures  is  due  to  Professors  James  Dewar 
and  J.  A.  Fleming,  who  have  made  a  number  of  investigations 
together  in  England.  Work  has  also  been  done  by  Professor  T. 
Claude,  in  France,  and  the  writer  in  this  country. 

A  brief  general  summary  of  the  results  of  the  experiments  de- 
scribed is  given  below.  The  investigations  made,  while  not  entirely 
conclusive  in  some  cases,  seem  to  indicate  the  following  facts : 

1.  It  appears  that  liquid  oxygen  has  a  magnetic  permeability 
that  is  considerably  higher  than  other  liquids,  but  far  below  the 
magnetic  permeability  of  the  so-called  non-magnetic  iron  alloys, 
and  that,  at  least  in  the  case  of  liquids,  magnetic  susceptibility  is 
a  function  of  the  state  of  aggregation  rather  than  merely  a  property 
of  the  molecule  per  se. 

2.  That  the  magnetic  moment  of  a  permanent  steel  magnet  is 
independent  of  the  temperature  at  which  magnetization  takes  place, 
and  that  a  change  of  temperature  in  either  direction  after  magnet- 
ization will  cause  a  permanent  loss  in  the  magnetic  strength  of  the 
magnet,  the  amount  of  this  loss  depending  upon  the  composition 
and  the  hardness  of  the  steel  and  the  number  of  degrees  change  in 
temperature  to  which  the  bar  is  subjected. 

It  is  also  evident  that  steel  magnetized  at  liquid  air  temperature 
in  a  strong  field  becomes  saturated  magnetically  almost  instantly, 
as  it  does  at  normal  temperatures.  That  when  a  magnet  has  been 
subjected  to  a  series  of  temperature  changes,  has  lost  some  of  its 
initial  magnetic  strength  and  has  reached  a  permanent  condition, 
that  cooling  (to  liquid  air  temperature)  causes  an  increase  in  the 
magnetic  moment,  and  that  heating  diminishes  the  magnetic 
moment.  That  steels  containing  19  to  29  per  cent,  of  nickel 
behave  in  an  exceptional  manner,  for  the  effect  of  cooling  them 
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to  —  185  degrees  is  to  temporarily  decrease  the  magnetic  moment 
after  the  permanent  magnetic  condition  has  been  reached. 

3.  That  the  magnetic  permeability  of  annealed  soft  iron  is  less 
at  liquid  air  temperatures  than  it  is  at  normal  temperatures/but 
if  the  iron  is  hardened  then  the  magnetic  permeability  becomes 
greater  at  the  low  temperature.  Highly  tempered  steels,  how- 
ever, appear  to  behave  like  annealed  soft  iron,  the  low  temperature 
having  the  effect  of  diminishing  the  magnetic  permeability. 

4.  Two  separate  investigations  have  thus  far  been  made  on  the 
effect  of  liquid  air  temperatures  on  the  hysteresis  loss  in  iron  for 
high  induction  densities.  The  results  obtained  are  in  agreement 
and  indicate  that  under  these  conditions  the  hysteresis  loss  is  the 
same  at  normal  and  very  low  temperatures. 

For  low  induction  densities,  one  investigation  showed  the  hys- 
teresis loss  the  same  at  both  temperatures,  while  in  another  it  was 
found  that  the  hysteresis  loss  diminished  in  a  marked  manner 
when  the  iron  was  reduced  to  the  temperature  of  liquid  air. 
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ANALYTICAL  CHEMISTRY. 


By  ELWYN  waller. 

Calculating  Water  Analyses,  Fisher  (-^/i^^^j/,  XXVII. ,  137).  When 
one  has  obtained  the  amounts  of  bases  as  Na^O,  CaO,  etc.,  and  of  acids 
(CI,  SO3CO2,  etc.)  dividin><  each  amount  by  the  molecular  weight  of  that 
particular  constituent  will  give  the  molecular  proportions  of  each.  If 
the  analysis  is  correct,  the  sum  of  these  molecular  proportions  for  the 
ba<;es  should  be  the  same  as  that  for  the  acids.  Then,  since  the  combi- 
nations are  in  molecular  proportion,  multiplyingt  he  molecular  propor- 
tion of  any  constituent  by  the  molecular  weight  of  the  salt  of  which  it  is 
assumed  to  form  a  part  gives  directly  the  amount  of  that  salt.  The 
sample  cited  is  as  follows  : 


Found. 

Mol.  wts. 

Mol.  proportions 

Na,0 

53- H 

• 
• 

62 

0.8571 

MgO 

11.99 

• 

• 

40 

— 

0.2990 

CaO 

35.28 

• 

56 

Sum  = 

0.6300 
~i.'786l 

CI, 

18.00 

a 
> 

71 

0-2535 

SOj 

103.88 

-H 

80 

-  ■ 

1.2985 

CO, 

9.55 

-»- 

44 

0.2170 

0.84 

-*- 

108 

0.0077 

Sum  = 


1.7767 


The  molecular  weights  of  Na^O,  Cl^  and  NjO^  are  taken,  because 
they  are  the  equivalents  of  CaO,  SO3.  etc. 

In  this  case,  assuming  that  all  CI  and  all  NjO,^  are  present  respect- 
ively as  NaCl  andNaNOj  (residual  Na^O  as  NajSO^),  also  that  all  MgO 
is  present  as  MgSO^  (residual  SO,  as  CaSO^  and  residual  CaO  as 
CaCO,)  the  results  would  be  worked  out  thus : 

2  NaCl  02535  X  1^7  =  29.66 

2  NaNOj  0.0077X170=    1. 31 

Na,SO^  0.5959  X  '42  =  84  62 

MgSO^  0.2990  X  120  =  35.87 

CaSO^  0.4036  X  136— -54.89 

CaSO,  o.  2264  X  100  =  22. 64 

Total  Salts 229.00 

which  should  agree  essentially  with  results  by  evaporation. 

The  factor  0.5959  for  Naj^^O^  s  obtained  by  deducting  the  sum  of 
those  for  CI 2  and  for  NjOg  (0.2535  +0.0077)  from  the  molecular  pro- 
portion of  NajO  found  (0.8571  )'>  similarly  by  deducting  the  sum  of  resi- 
dual SO3  and  of  M^O  (0.5959  -f  0.2990)  from  that  for  total  SO3 
(1.2985)  we  obtain  the  factor  0.4036  for  CaSO^.  In  the  same  manner 
for  the  CaLOj. 
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It  is  evident  that  the  application  of  this  mode- of  reasoning  may  be  used 
to  calculate  approximately  the  amount  of  alkalies  present,  if  the  other 
constituents  have  been  determined* 

Hydrochloric  Acid  free  from  Arsenic,  Thome  and  Jeflfers  {Proc. 
Lond.  Chem.  Soc,  XVIIL,  118).  Dilute  until  sp.  gr.  is  about  i.io,  then 
heat  to  boiling  and  introduce  a  piece  of  fine  copper  wire  gauze.  The 
Cu  should  be  as  pure  as  possible.  For  2  liters  of  acid  about  4  inches 
square  of  loo-mesh  gauze  should  be  used,  rolled  loosely  about  a  glass 
rod  flattened  at  the  end  that  it  may  readily  be  removed.  Keep  the 
acid  just  boiling  for  an  hour.  Then  remove  the  gauze  and  put  in  a  fresh 
pece,  continuing  until  the  gauze  remains  bright ;  then  distill  the  acid, 
using  a  fresh  piece  of  gauze.  It  may  be  deemed  advisable,  though  it  is 
an  extra  precaution,  to  reject  the  first  20  cc.  of  distillate. 

Obtaining  Zinc  free  from  Arsenic.  Hehner  {J.  S.  C.  /.,  XXL,  675). 
Melt  a  pound  or  two  of  ordinary  spelter  in  a  clay  crucible.  Throw  in 
metallic  Na  in  the  ratio  of  about  i  gm.  Na  to  i  lb.  Zn.  Stir  with  a  piece 
of  hard  glass  tubing  (iron  rods  for  stirring  are  likely  to  be  arsenical). 
Remove  the  black  scum  which  appears  by  use  of  a  china  spoon  or 
crucible  lid  held  in  the  tongs.  Stir  vigorously  and  remove  the  scnm 
from  time  to  time  until  the  Na  appears  to  have  oxidized  out ;  then  add 
another  pitce  of  Na  and  stir  again.  Finish  by  pouring  into  a  fresh 
crucible  and  repeating  the  Na  treatment.  Cool  somewhat  before  granu- 
lating in  order  that  thinner  flakes  of  the  metal  may  be  obtained.  >f  the 
molten  metal  is  poured  into  very  dilute  acid  the  product  is  more  satis- 
factory as  to  purity.  A  zinc  which  is  quite  arsenical  may  be  thus  purified, 
but   it  is  best  to  start  in  with  one  which  is  fairly  pure. 

Destroying  Organic  Matter  to  Apply  Tests  for  Metals,  etc.  Meillere 
(y.  Pharm.  Chim.,  XV.,  97).  The  most  rapid  and  satisfactory  method 
consists  in  the  use  of  KHSO4  in  combination  wiih  a  mixture  of  H2SO4 
and  HNOg. 

To  attack  250  gms.  of  organic  matter,  mix  the  strong  acids  in  the  pro- 
portion of  100  cc.  H2SO4  to  400  cc  HNO3.  Add  5  gms.  KHSO4  *^ 
the  organic  substance  and  100  cc.  of  the  acid  mixture,  heat  until  liquefied, 
and  run  the  acid  mixture  in  lowly  (200  cc.  in  one  hour)  maintaining  the 
heat.  From  time  to  time  evaporate  i  cc.  of  the  liquid  in  a  capsule.  If 
it  blackens  the  oxidation  is  incomplete. 

Rubrescin^  a  New  Indicator.  Rosenfed  and  Silber  {Chem.  Ztg.  Rep,^ 
XXVI.,  130).  A  mixture  of  50  gms.  resorcinol  and  25  gms.  chloral 
hydrate  in  a  fiask  are  brought  to  a  temperature  of  106^  C  in  an  oil  bath. 
Once  started  the  reaction  proceeds  without  further  heating,  evolving  HCl. 
The  product  is  a  brittle  non -hygroscopic  mass.  Pulverize  and  p  urify 
by  washing  with  CHClg  in  which  the  rubrescin  is  insoluble.  It  is  spar- 
ingly soluble  in  ether,  soluble  in  warm  amyl  alcohol  or  in  cold  methyl  or 
ethyl  alcohol.  Red  with  alkalies  colorless  with  acids,  or  if  used  in  larger 
porportion,  pale  yellow.     Very  sensitive. 

Alkaline  Hydrate  or  Bicarbonate  tn  Presence  of  Monocarbonati. 
North  and  Lee  (^J.  S.  C.  /.,  XXI.,  322).  Titration  with  normal  acid  and 
phenolphthaleine  indicator  gives  an  end  reaction  accurately,  provided  the 
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tip  of  the  burette  is  immersed  in  the  liquid.  The  presence  of  such  amounts 
of  chloride  as  usually  occur  in  commerical  soda  ash  is  without  influence. 
(Excessive  amounts  of  chloride  W/ZafTect  the  result.)  At  this  point  all  the 
available  NajG  has  been  converted  to  NaHCOj.  Adding  methyl  orange 
and  titrating  gives  results  on  which  the  proportions  of  NagCOg  and 
NaHCOg  may  be  calculated. 

The  method  was  checked  up  by  use  of  Lunge's  method,  also  by  separate 
determination  of  CO3. 

For  HjO  in  soda  ash  ignite  ro  gms.  to  constant  weight.  From  the 
loss  in  weight  deduct  HjO  necessary  to  afford  that  equivalent  to  NaHCOg 
as  found  by  the  titration,  and  reckon  the  remainder  as  moisture. 

Free  Lime  in  Cements.  Maynard  {Bull.  Soc.  Chim.y  Paris,  XXVII., 
858).  Glycerin  may  be  use»i  to  extract  the  CaO  while  it  has  no  effect  on 
other  constituents  of  the  cement.  Weigh  out  0.5  gm.  of  the  cement  in 
an  Erlenmeyer  flask.  Measure  out  50  cc.  pure  (anhydrous)  glycerin  at 
60°  C.  Pour  upon  the  sample,  allow  the  vessel  in  which  the  glycerin 
was  measured,  to  stand,  and  measure  the  amount -adhering,  to  obtain  (by 
difference)  the  exact  amount  of  glycerin  used.  Plug  the  neck  of  the  Er- 
lenmeyer with  cotton,  agitate  for  some  minutes,  and  keep  at  40^  C.  or 
over  for  5  days.  Then  filter  off  the  major  part  of  the  glycerin,  keeping 
the  temperature  for  filtering  and  measuring,  at  60^  C,  at  which  tempera- 
ture it  is  very  fluid. 

After  measuring,  the  amount  of  CaO  extracted  may  be  determined  by 
alkalimetric  titration. 

Alumina  in  Alums.  White  {J.  Am.  Chem.  Soc.^  XXIV.,  457). 
If  a  solution  of  an  alum,  to  which  has  been  added  Rochelle  salt  (NaK- 
C4H40g)  is  titrated  with  Ba(0H)2  (N/5)  the  Ba(0H)2  used  will  cor- 
respond to  the  SOg  combined  with  Al^Og  plus  free  acid  (SOg  combined 
with  KgO,  or  Na^O  is  jiot  estimated).  If  a  duplicate  solution  of  the 
alum  is  evaporated  to  dryness,  redissolved  in  neutral  citrate  (NagCgH^O^ ) 
and  titrated  with  Ba(0H)2,  a  smaller  amount  is  required,  and  the  differ- 
ence between  the  two  amounts  of  Ba(0H)2  used  is  equivalent  to  one- 
third  of  the  AljOg. 

Titanium  in  Irons,  etc.  Waterhouse  (CA.  News^  LXXXV.,  198). 
Treat  5  gms.  of  drillings  with  50  cc.  HCl,  evaporate  to  dryness  and  bike, 
redissolve  in  HCl  and  filter.  Wash  as  closely  as  possible  and  preserve 
the  insoluble  residue.  Bring  the  solution  to  about  150  cc,  nearly  neu- 
tralize with  NH4OH,  clearing  by  use  of  a  few  drops  of  HCl,  should  it 
become  turbid,  add  about  50  cc.  NajSOg  (1:5)  when  the  iron  is  re- 
duced—  add  50  cc.  glacial  acetic  and  20  gms.  NaCjHgO, — boil 
15  minutes,  let  settle  and  filter.  Unite  the  precipitate  with  the  in- 
soluble residue  from  evaporation,  burn  off  filter  paper,  graphite,  etc.,  and 
fuse  the  whole  with  10  gms.  NaHCOg,  maintaining  the  fusion  for  several, 
minutes.  Extract  with  about  150  cc.  hot  water,  wash  well,  rinse  off  pre- 
cipitate into  a  beaker,  dissolving  what  may  adhere  by  use  of  HCl,  add 
10  cc.  diluted  H2SO4,  evaporate  to  strong  fumes,  cool,  dilute  and  filter 
off  SiOj,  etc.,  dilute  the  filtrate  to  150  cc,  reduce  what  Fe  may  be  pres- 
ent by  use  of  20  cc  NajSOg  solution,  add  glacial  acetic  and  NaCgH-j^Oj 
as  before,  boil  hard  15  minutes,  and  filter  off  TiOj  for  ignition  and 
weighing. 
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Manganese  in  Irons,  Noyes  and  Clay  (J.  Am.  Chem.  Soc,  XXIV. 
a43).  Dissolve  1.5  gms.  in  25  cc.  HNOj  or  20  cc.  HNOgwith  5  cc. 
HCl.  Transfer  to  a  ?oo  cc.  flask,  nearly  neutralize  with  Na^COj  then 
add  ZnO  until  FejCOH)^  begins  to  form.  Wait  two  minutes,  then  add 
excess  of  ZnO.  Make  up  to  the  mark,  mix  well  and  filter  off  200  cc. 
Add  NaC-HjO,  soluti  <n  and  then  Br.  water,  boil  to  precipitate  the 
MnO,.  Filter  and  wash  well.  Dissolve  the  precipitate  on  the  paper  by 
dropping  on  it  from  burette  an  acid  standard  solution  of  (NH4)Fe(S04)2 
(8.56  gms.  of  the  crystallized  salt  with  40  cc.  of  23  per  cent.  HgSO^  in 
one  liter)  running  the  solution  into  the  beaker  in  which  precipitation 
was  effected.     Titrate  back  with  standard  solution  of  K^Mn^Og. 

Zinc  Titration  with  Na^S.  Proihiere  {/.  Pharm.  Chim.j  XV.,  419). 
For  the  <*  spot  test"  the  author  recommends  the  use  of  paper  saturated 
with  tartar  emetic  solution. 

The  end  reaction  is  when  a  yellow  stain  is  produced  with  a  drop  of  the 
solution.  The  paper  may  be  preserved  indefinitely  and  gives  a  sharp 
end -reaction. 

Separation  of  Nickel  and  Zinc.  Rosenheim  and  Huldschinsky  (  Ber. 
XXXIV.,  391?)  To  the  solution  of  the  two  metals,  in  at  most  50  cc. 
add  f  2  gms  NH^CNS,  and  agiute  wiih  a  mixture  of  i  vol.  amyl  alco- 
hol to'25  vols,  ether.  Zn  only  is  dissolved  by  the  eiherial  sciution,  Ni 
remaining  in  the  aqueous  solution.     Avoid  the  presence  of  HNOj. 

Separation  of  Nickel  and  Cobalt.  Modification  of  Rose's  Method. 
Taylor  {Chem.  News^  LXXXV.,  269).  The  mixed  sulphides  are  to  be 
dissolved  in  HQ.  with  a  crystal  of  KClOg  and  the  solution  evaporated 
to  obtain  it  as  nearly  n  utral  at  possible.  'Fhen  add  precipitated  BaCOj 
(ox  CaCOj)  and  Br  water.  Allow  to  stand  with  frequent  shaking  for 
five  minutes,  cobalt  if  present  separates  as  black  hydrated  CogOj  —  the 
Ni  remaining  in  solution.  The  presence  of  free  CO 3  solution  exercises  a 
pronounced  retarding  effect. 

Qualitative  for  Cobalt.  Danziger  (y.  Am.  CA^w.  5br.,  XXIV.,  578). 
To  about  5  cc.  of  the  solution  ac»d  with  HCl  in  a  test-tube  add  solid 
ammonium  thioacetate,  CHgCO^NH^.  a  few  drops  SnClj  solution,  and 
an  equal  volume  of  amyl  alcohol.  Shake  well  and  allow  to  stand  so  that 
the  mixture  separates  in  two  layers.  If  Co  is  present,  the  upper  layer 
will  be  colored  blue.  For  the  amyl  alcohol  may  be  substituted  a  mixture 
of  acetone  and  ether,  or  of  alcohol  and  ether.  If  the  solution  has  little 
or  no  color  of  its  own  to  mask  the  tints,  this  will  detect  1:500000. 

The  compound  formed  was  found  to  be  (CH3COS)2Co.2CH8COS- 
NH^. 

Arsenic  in  Coke.  Archbutt  and  Jackson  (y.  S.  C.  /.,  XX.,  448). 
After  drying,  treat  50  gms.  with  100  cc.  strong  HNO3  (gr.  1.42),  heating 
for  at  least  two  hours.  Dilute  to  about  500  cc. — then  filter  and  wiash — 
evaporate  to  dryness  on  a  water  bath — then  add  25  cc.  cone.  HgSO^ 
and  heat  to  strong  fumes — dilute  with  water  and  evaporate  again  to 
fumes.  Repeat  at  least  three  times  to  expel  all  N  oxides.  Transfer  to 
a  flask,  add  23  gms.  NaCl,  and  2  gms.  FeSO^.  At  this  point  the  entire 
bulk  of  the  solution  should  not  be  over  100  cc.  Distil  until  the  tem- 
perature of  boiling  reaches  125°  C,  by  which  time  all  the  As  will  be  in 
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the  distillate.  To  that  add  a  little  ZnS,  and  agitate.  Filter  off  the 
AsjSg,  wash  with  HjS  water.  Boil  with  300  cc.  of  water  for  two  hours. 
Filler,  concentrate  to  a»^out  40  cc,  cool,  add  0.5  gm.  NaHCO,  and  some 
starch  and  titrate  with  N/100  I  solution. 

Antimony  in  Orgs,  Petriccioli  and  Reuter  {Ztsangew,  Chem,^  XIV., 
1179).  Treat  0.5  to  5ms.  according  to  richness  with  50  cc.  HCl  and 
50  cc.  water.  Heat  at  70®  C  for  nearly  an  hour,  filter,  wash  first  with 
acidified  water  afterward  with  water  alone,  add  Yi^Q^^O^^  dilute  to 
750  cc.  warm  to  60  to  70°  and  precipitate  with  HjS.  Wash,  and  then 
rinse  the  SbjS,  back  into  the  beaker,  add  50  cc.  HCl  and  heat  until  all 
odor  of  H^S  is  gone.  Dilute  until  a  slight  turbidity  is  shown,  which  is 
removed  by  a  few  drops  of  acid.  Titrate  at  once  with  standard  KjMn^- 
Og  (KjMnjOg  corresponds  to  5  Sb.)  Products  containing  the  higher 
oxides  of  Sb  may  require  to  be  brought  int  >  solution  by  alkaline  fusion, 
and  the  operation  conducted  on  SbjS,  precipitated  a  second  time  to  ob- 
tain it  free  from  admixture  with  IS. 

Separation  of  Arsenic  Antimony  and  Tin,  Lang,  Carson  and  Mack> 
intosh  (y.  S.  C.  /.,  XXL,  748).  Experimental.  The  metals  were  pre- 
cipitated together  as  sulphides.  After  washing  these  were  evaporated  to 
dryness  with  cone.  HNOg,  and  the  residue  extracted  with  water  and 
filtered.     In  the  solution  As  was  determined  by  Mg  mixture. 

The  residue  was  digested  for  an  hour  with  cone,  solution  of  H2C4H4^g 
which  extracted  all  Sb,  leaving  SnOj  which  was  ignited  and  weighed. 
Sb  was  separated  as  sulphide,  converted  to  SbjO^  and  weighed  in  that 
form.     The  test  analyses  show  fairly  good  results. 

In  experimenting  with  another  method  of  separation,  •AsjS,  was  found 
to  be  perceptibly  soluble  in  HCl. 

Arsenic  and  Antimony  in  Ores.  Skinner  and  Hawley  (^Eng,  and  Afin. 
rour,^  1902,  148).  The  important  feature  of  the  process  is  the  point  that 
when  a  mixture  of  H2S  group  sulphides  is  distilled  with  HCl  solution  of 
CUCI2.  As  distils  over  as  AsCl,.  Sb  will  also  distil  over  if  the  operation 
is  conducted  with  the  passage  of  HCl  gas  through  the  retort.  Prepare  a 
solution  of  300  gms.  CuCl^  in  one  liter  of  HCl  (gr.  1.2).  Also  dissolve 
I  lb.  Zn.  in  500  cc.  water  and  1250  cc.  HCl  (gr.  1.2),  and  evaporate 
until  the  solution  boils  at  180^  C.     Mix  equal  volumes'of  these  solutions. 

Treat  i  gm.  of  the  ore  with  10  cc.  cone.  HNOg,  heat  until  red  fumes 
cease,  add  10  cc.  HgSO^  cone,  and  evaporate  to  copious  fumes.  Cool, 
add  HjO  and  HCl  (also  HjC^H^O^  if  Sb  is  present)  filter,  precipitate  by 
HjS,  and  wash  free  Irom  Fe.  Rinse  into  the  distilling  fiask  by  use  of 
HCl,  add  50  cc.  of  the  CuZn  solution,  and  distil  until  the  temperature  at 
which  the  mixture  boils  is  115^  C.  Add  10  to  25  HCl  and  distil  again. 
(The  second  distillation  will  be  unnecessary  if  the  proportion  of  As  is 
small.)  Determine  As  by  adding  excess  of  NaHCOu  and  titrating  with 
standard  I  solution. 

For  Sb,  after  distilling  off  all  As,  pass  a  currect  of  HCl  gas  and  distil  to 
dryness  repeating  until  the  distillate  gives  no  precipitate  with  H^S  after 
adding  HjC^H^Og.  Filter  the  SbjSj  through  a  Gooch  asbestos  filter, 
dry  one  hour  at  255°  C.  and  weigh. 

Platinum  in  Dental  Alloys^  etc,  Richards  (^Analyst^  XXVIL,  265). 
In  alloys  containing  Pt  and  Ag  only,  it  was  found  that  HNO3  dissolved 
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the  Pi  partially,  and  left  some  Ag  undissolved  whatever  the  proportions 
of  Ag  might  be.  Treatment  with  boiling  core.  HjSO^  was  f  und  to  be 
the  only  efficient  method  of  separation,  which  had  the  merit  of  simplicity. 
This  mode  of  attack  is  also  applicable  to  Pt-Au-Ag  alloys  and  Pt-Au-Ag- 
Sn  alloy. 

Platinum  Metals,  Detection.  Leidie  and  Quinessen  {Bull,  Soc,  Chim.y 
XXVII.,  1 79).  The  metal  in  a  find  state  of  division  (precipitated  or  as  fil- 
ings) is  mixed  with  five  to  six  times  its  weight  of  NajO,  and  gently  heated 
up  in  a  nickel  crucible.  Stir  well  when  pasty,  bring  finally  up  to  a  semi- 
fluid consistency,  cool,  place  in  an  evaporating  dish,  cover  with  a  funnel  and 
add  ten  to  twelve  times  as  much  water  as  the  NajO,  used.  After  reac- 
tion, transfer  to  a  tali  beaker  and  allow  to  settle,  decant,  filter  and  wash. 
Os,  Ru,  Pd  and  Ir  go  into  solution  in  combination  with  Na.  The  first 
three  give  yellow  or  orange  solutions ;  Ir  affords  a  blue  solution.  Pt  and 
Rh  remain  insoluble  in  water  together  with  the  Ni203. 

Passing  a  current  of  CI  through  the  (warmed)  water  solution  carries 
OsO^  and  RuO^  over  into  the  distillate  (leaving  Pd  and  Ir).  In  this 
distillate  KNO2  or  alcohol  and  KCl  give  red  potassium  osmite,  KjOsO^. 
Alcohol  and  KCl  afford  black  metallic  Ru.  The  solution  containing  Pd 
and  Ir  on  evaporation  with  KCl  and  a  little  HNO3  affords  ruby  crystals 
of  KjPdCl^  or  black  crystals  of  KglrO^  or  a  mixture  of  the  two,  if  both 
are  present. 

The  portion  insoluble  in  water  is  dissolved  in  HCl.  After  boiling  off 
the  excess  of  acid  KNO^  is  added  to  neutrality,  then  NajCOn  ;  boi*  and 
filter  off  the  NiO.  Acidify  with  HCl.  Rh,  if  present,  shows  at  this 
point  the  rose  color  of  Na^RhjClg.  Evaporate  to  dryness,  take  up  with 
wa.er,  and  separate  Pt  by  addition  of  KCl  as  KgPtCl^. 

Gold  and  Silver  in  Pyrites,  Buddeiis  {Chem,  Ztg.,  XXIV.,  922). 
Grind  the  ore  fine  enough  to  pass  a  sieve  of  300  to  400  meshes  per  cm. 
Take  100  gms.  or  more  according  to  richness  and  roast  in  a  muffle, 
placing  the  ore  in  a  crucible  preferably  of  white  Paris  clay.  After  dis- 
appearance of  SO2  odor,  cool,  shake  out  into  a  large  porcelain  or  glass 
vessel,  and  treat  with  250  to  500  cc.  of  HCl  (1 :  •  )•  ^^  stand  in  a  warm 
place  for  about  an  hour,  then  add  as  much  HCl  (diluted)  as  before  and 
boil  for  some  time.  The  residue  is  to  all  intents  SiOj,  clay  and  Au  -f 
Ag.  Filter  and  wash,  dry  the  residue  and  fuse  in  a  crucible  in  the 
muffle,  with  50  to  100  gms.  test  lead,  and  5  to  10  gms.  borax.  Instead 
of  test  lead  one  may  use  a  mixture  of  equal  parts  Pb(C2H 302)2  and 
NaOH. 

Cupel  the  lead  button  obtained.  Results  are  very  concordant  and 
higher  than  by  the  usual  method. 

Silver  in  the  Residues  from  Distillation  of  Zinc,  Sander  {Zts,  Angew, 
Chem.^  XV.,  32).  These  contain  Pb,  as  well  as  20  to  30  per  cent,  of  C. 
The  author  makes  a  mixture  of  80  parts  KNO3  and  20  parts  Na202,  and 
mixes  20  gms.  of  his  sample  with  50  gms.  of  the  mixture,  and  throws  it 
(3  or  4  gms.  at  a  time)  into  a  red  hot  crucib'e.  When  the  violence  of 
action  moderates,  the  crucible  is  placed  in  the  fire,  and  the  ordinary  assay 
fluxes  are  added  with  10  gms.  litharge.  The  lead  button  resulting  is  cu- 
pelled as  usual. 
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Cuprous  Thiocyanate^  Effect  of  HCl.  Van  Name  {Am.  Jour.  Sci.^ 
XIIL,  20).  If  only  a  slight  excess  of  NH^CNS  is  used  the  proportion 
of  free  HCl  shou  d  be  small  (0.5  per  cent,  by  volume).  With  a  large 
excess  of  alkaline  thiocyanate  much  more  free  HCl  has  no  solvent  action. 
It  is  always  preferable  to  reduce  the  amount  of  free  HCl  by  neutralizing 
with  NH4OH  or  (NH4)aSO,, 

Volumetric  for  Copper.  Repiton  {Afonit.  Sci.^  XVI.,  287).  K4FeCy, 
in  tenth  normal  solution  may  be  used  on  a  boiling  neutral  solution  con- 
taining the  Cu  as  CuSO^.  The  end  reaction  is  when  test  drops  begm  to 
give  blue  with  Ft  SO 4. 

Another  method  is  proposed  by  precipitation  with  a  known  amount  of 
standard  H3C2O4,  and  titrating  the  excess  by  K^Mn^O^  in  the  filtrate. 

Volumetric  for  Copper,  Guess  (J,  Am.  Chem.  Soc.^  XXIV.,  708.) 
The  method  is  in  use  at  the  Silver  Lake  Mines,  Colorado.  It  consists 
in  precipitating  as  Cu2(CNS)2  treating  the  washed  precipitate  with  hot 
NaOH,  which  affords  CujfOH),  and  NaCNS,  and  titrating  the  latter  in 
acidified  solution  with  KjM^Og.  The  details  are  as  follows:  Treat  i 
to  5  gms.  of  ore  with  HNOg  and  HCl  in  a  flask,  adding  a  little  H2SO4  to 
combine  with  Pb  if  present.  Koil  off  the  excess  of  acid,  filler  and  wash 
well.  Neutralize  the  fihrate  with  NH4OH,  and  then  add  a  few  drops  of 
dilute  HCl.  Reduce  by  adding  NajSOj  in  excess,  and  then  precipitate 
with  KCNS  in  slight  excess.  Heat  to  boiling,  let  settle,  wash  by  decan- 
tation  a  few  times,  then  transfer  to  the  61ter  (11  cm.)  and  wa^h  thoroughly 
with  hot  wa  er.  Then  treat  the  precipitate  with  a  boiling  solution  of  10 
per  cent.  NaOH,  running  the  solution  into  the  original  precipitation  flask. 
Repeat  the  application  of  NaOH,  and  then  wash  well  with  hot  water, 
acidify  the  solution  with  H2SO4  and  titrate  (still  warm)  with  standard 
K2Mn20g.     The  reaction  is 

loHCNS  +  1 2KMn04  +  8H2SO4  = 

6K2SO4  +  1 2MnS04  4.  loHCN  +  8H2O. 

Theoretically,  multiplying  the  iron  standard  of  the  permanganate  by 
0.189  should  give  its  value  in  Cu.  On  account  of  a  slight  solubility  of 
the  Cu2(CNS)2  in  the  reagents,  0.192  is  a  factor  more  nearly  correct. 
1  he  best  way  is  to  standardize  on  a  sample  of  pure  Cu  treated  in  the 
same  manner  as  the  ore. 

Bismuth  in  Ores.  VVarwick  and  Kyle  (Eng.  and  Mi n.  Jour.,  April 
13,  1901).  The  method  consists  in:  (i)  Decomposition  by  HNOj,  (2) 
precipitation  as  oxalate,  (3)  converting  the  normal  to  the  basic  oxalate 
by  boiling  with  water,  (4)  titration  with  KjMNjOg. 

1.  Treat  i  gm.  of  the  pulverized  ore  with  5  to  10  cc.  HNOj  in  a  cas 
serole — evaporate  to  dryness.     Add  5  cc.  HnOj  and  heat  to  eifert  solu- 
tion, add  25  cc.  H2O  transfer  to  a  beaker  and  dilute  to  about    100  cc. 

2.  Add  to  the  solution  5  gms.  (NH4)2^2^4  ^^^  ^^*^  vigorously  for 
five  minutes,  let  settle  a  few  moments  and  decant  the  clear  solution  through 
a  filter. 

3.  B«»il  the  preripitate  with  two  successive  lots  of  water  (about  50  cc. 
each)  decant  through  the  filter  first  used.  If  the  last  filtrate  is  acid  to 
litmus,  repeat  the  boiling  up,  decanting,  etc.,  until  the  filtrate  is  nmtral. 
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4  Dissolve  the  precipitate  on  the  filter  with  2  to  5  cc.  HCl  (i  :  i) 
catohing  the  solution  in  the  beaker  containing  the  oxalate  precipitate. 
Wash  twice  wiih  water.     Warm  to  effect  solution,  and  dilute  to  250  cc. 

5.  Neutralize  the  solution  with  NH^OH.  Acidity  with  H2SO4  (1:4) 
adding  an  excess.  Warm  to  70°  or  over  and  titrate  with  standard 
KjMnjOg.  The  whole  operation  can  be  carried  through  in  30  to  40 
minutes. 

Copper^  Lead^  Antimony  and  Tin  in  Alloys,  Rossing.  Yellow  am- 
monium sulphide  invariably  dissolves  some  CuS  when  the  sulphides  are 
treated  with  that  reagent  Colorless  NajS  affords  a  satisfactory  separa- 
tion.    The  Sn  must  be  positively  in  stannic  form. 

Clarke's  method  for  separating  Su  from  Sb  (precipitation  of  Sb^Sg  by 
excess  of  HjS  in  presence  of  H2Ca04  in  boiling  solution)  was  found  to 
be  the  best. 

Mercury  in  Ores,  Ehrmann  and  Slaus-Kantschieder(  Chem,  Zlg,  jXXYl. , 
201).  In  the  examination  of  Dalmatian  ores  containing  a  large  propor- 
tion of  barytes  the  method  pursued  consisted  in  heating  with  dilute  HNO3 
until  as  much  decomposition  as  possible  had  been  effected  —  then  adding 
three  times  the  volume  of  cone.  HCl  and  warming  until  the  residue  is  light 
colored,  and  the  odor  of  CI  is  g  /ne.  Cool,  filter  and  pass  HgS.  Filter 
off"  the  sulphides  through  asbestos  in  a  porcelian  Gooch.  Treat  the  pre- 
cipitate on  the  filter  with  a  little  HCl  -|-  Br.  Wash  well,  expel  the  Br 
from  the  solution  by  a  current  of  COj,  and  precipitate  again  by  HjS. 
Filter  again  through  a  weighed  Gooch  (asbestos  bed),  wash  until  free 
from  CI.  Wash  off  members  of  the  As  group  by  use  of  warm,  yellow 
(NH4)2S,  wash  out  this  reagent — then  remove  PbS  and  CuS  by  treating 
with  HN03(i :  3).  Wash  off  adhering  S  by  repeated  use  of  cone,  solu- 
tion of  Na^SOg,  the  wash  with  hot  water,  and  dry  the  HgS  at  100°  for 
weighing.  If  much  Pb  is  present,  treat  with  NH^C^HjOg  after  washing 
with  HNO3  to  take  out  PbS04  which  might  remain.  In  oiher  respects 
the  management  is  the  same. 

Lead  Peroxide  in  Minium,  Liebig  (Zls,  Angew,  Chem.,  1901,  528). 
Weigh  out  0.5  gm.  of  the  sample  in  an  Erlenmtyer  flask,  add  water,  and 
then  25  cc.  of  N/io  NajSjOg,  and  then  10  cc.  of  30  per  cent,  acetic. 
Shake  well;  when  the  mass  goes  into  solution,  add  10  cc.  of  a  10  per 
cent.  KI  solution,  some  Znlj  and  starch  and  titrate  the  excess  of  Na^SjO, 
with  N/io  I  solution.  The  end  reaction  is  the  change  in  color  of  the 
Pblj  from  citron  yellow  to  deep  dirty  yellow.  The  cc.  I  solution  should 
be  multiplied  by  239  (mol.  wt.  of  PbOj)  to  get  the  amount  of  Pb^  to 
which  it  compounds. 

Red  I^ad,  Szterkhers  {^Am,  Chim,  Anal,  Appl.^  VII.,  214).  Instead 
of  H2C2O4,  the  author  uses  a  standardized  solution  of  NaNO^  of  about 
I  per  cent,  strength. 

Add  to  5  gms.  of  the  sample  100  cc.  water  and  5.7  cc.  pure  HNOg. 
Heat  to  complete  the  reaction,  which  should  give  Pb(N03)2  with  brown 
PbOj.  Cool  to  50°  and  add  gradually  an  excess  of  standard  NaNOj. 
The  reaction  is : 

PbOj,  +  2HNO3  -f  NaNOj  =  Pb(N03)3  -f  NaN03  +  ^2^. 

The  excess  of  NaNO,  is  then  titrated  back  with  standard  KjMN^Og. 
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Separation  of  Giucina  WyTouboflf  f  ^////.  Soc,  Chim.,  XXII  ,  No.  14). 
The  compound  Gl2086(C20g)3K20,  contains  9.5  per  cent.  GljO^ 
and  dissolves  only  to  the  extent  of  1.4  parts  in  100  of  water  at  15°  the 
solubility  increasing  but  little  with  a  rise  in  temperature. 

In  the  analysis  of  emerald,  etc..  it  suffices  to  decompose  by  fusion  with 
KOH,  eliminate  SiOj  in  the  usual  manner,  evaporate  the  solution  of  the 
chlorides  to  small  bulk,  and  add  a  concentrated  solution  of  KHC2O4. 
Allow  to  stand  for  some  time  when  the  salt  above  indicated  will  separate. 

Separating  Cerium.  Meyer  and  Koss  {Ber.^  XXXV.,  672).  From 
CeOj  salts  boiling  with  acetates  and  HjOj  causes  a  complete  separation 
of  CeOj.  In  presence  of  Di  and  La  salts  some  of  those  elements  come 
down  with  the  precipitate,  when  NaCjHgOj  is  used,  if  Mg(C3Hj02)2 
is  used,  the  precipitate  is  nearly  absolutely  free  from  Di  or  la.  l"he 
precipitate  must  be  filtered  and  washed  hot,  as  it  redissolves  to  some  ex- 
tent on  cooling. 

Precipitation  of  Rare  Earths.  M  acMichael  {J.Am.  Chem.  S  *c. ,  XXIV. , 

540). 

Zr  is  precipitated  by  aniline,  0-toluidine,  xylidine,  dimethyl  and  die- 
thyl-aniline,  benzylamine,  pyridine,  piperidine  and  quiroline. 

Th  precipitated  by  aniline,  0-toluidine,  xylidine,  dimethyl-  and  diethyl- 
aniline,  pyridine,  piperidine  and  quinoline. 

Ce  precipitated  by  aniline,  O-toluidine,  diethyl -aniline,  benzylamine 
pyridine  and  piperidine. 

La,  Nd  and  Pr  are  only  precipitated  by  benzylamine  and  piperidine. 

Hence  one  may  separate : 

Th  and  Zr  from  Nd  by  use  of  quinoline. 

Th  and  Zr  from  La  by  use  of  aniline. 

Th  from  La  by  use  of  quinoline. 

Ce  from  Pr  by  use  of  0-roluidine. 

Th  from  Pr  by  use  of  aniline. 

Th  from  La  and  Pr  by  use  of  xylidine. 

Precipitating  Thoria.  Kolb  (/.  Pra.  Rl.  Chem.,  LXVL,  59).  Ani- 
line fulfils  the  condition  of  being  more  basic  than  thoria,  and  less  so  than 
the  other  ceritc  earths.  (ZrOj,  however,  is  also  precipitated  by  aniline.) 
The  solution  of  nitrate  or  chloride  is  somewhat  acidified  with  dilue 
HCl  or  HNOg  then  nearly  neutralized  by  NH4OH,  heated  to  boiling  and 
aniline  run  in  a  droit  at  a  time  with  agitation  until  the  liquid  is  distinctly 
turbid.  (Any  marked  excess  of  the  aniline  should  be  avoided.)  Then 
on  heating  and  shaking  the  thorium  separates.  Dilute  with  warm  water, 
and  stand  aside  in  a  warm  place.  Wash  by  decantation,  adding  a  little 
aniline  to  the  wash  water  if  it  be  found  necessary.  The  precipitate  may 
perhaps  be  colored  by  coloring  matter  of  the  aniline,  but  becomes  white 
on  ignition.  If  the  higher  oxides  of  iron  or  cerium  are  present,  they 
should  first  be  reduced  by  adding  SOj. 

If  the  proportion  of  thoria  is  comparatively  small  to  that  of  the  other 
bases,  re-s('lution  and  re- precipitation  may  be  found  necessary. 

Thorium.  Metzger  {J.  Am.  Chem,  Soc,  XXIV.,  275).  Fumaric  acid 
precipitates  Th  completely  from  a  solution  containing  40  per  cent,  alcohol 
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in  the  cold.     Traces  of  cerite  metals  may  accompaoy  the  precipitate, 
which  are  removed  by  a  second  precipitation. 

Thorium  in  Monazite  Sand,  Benz  (  Zts.  Angew,  Chem.y  XV.,  297). 
Mix  0.5  gm.  with  0.5  gm.  NaFl,  and  fuse  cautiously  with  10  gms. 
K^SgO^  in  a  covered  platinum  crucible  until  evolution  of  gas  has  ceased. 
Then  heat  for  15  minutes  over  a  good  flame,  extract  with  hot  diluted 
HCI,  decant  and  extract  the  residue  by  boiling  with  moderately  strong 
HCL  Filter,  nearly  neutralize  with  NH^OH  avoiding  the  formation  of 
a  permanent  cloud,  boil  and  add  3  to  5  gms.  (NH4)jC204  and  stir  vig- 
orously. A  moderate  amount  of  free  acid  has  no  solvent  effect.  Allow 
to  stand  over  night.  Filter,  transfer  the  precipitate  to  an  evaporating 
dish,  washing  the  filter  into  the  dish  with  fairly  strong  HNO3.  Evaporate 
nearly  to  dryness,  add  a  few  cc.  cone.  HNOg  (gr.  1.4)  and  then  20  cc. 
fuming  zc\d.  Heat  on  a  water  bath  to  convert  the  oxalates  to  nitrates. 
Evaporate  to  dryness,  and  again  with  water  to  remove  all  free  acid,  re- 
dissolve,  filter,  bringing  the  filiraie  to  about  100  cc.  Add  NH^NOj 
warm  to  60°  or  80°  C  and  precipitate  ThjOg  by  addition  of  HjOj.  Ig- 
nite to  ThOj  and  weigh.  A  minute  amount  of  Ce  may  accompany  the 
precipitate,  which  ( if  necessary)  may  be  estimated  by  dissolving  in 
HNO,  and  estimated  colorimetrically  by  use  of  H^O^. 

Vanadium  Estimation.  Williams  (/.  5.  C.  /.,  XXL,  389).  Treat  i 
to  2  gms.  of  ore  with  about  6  cc.  HNO3.  After  complete  decomposi- 
tion evaporate  to  dryness,  heat  with  4  cc.  H2SO4  until  NOj  fumes  are 
gone,  dilute  with  hot  H^O  and  boil,  filter  off  PbbO^,  etc  ;  oxidize  fil- 
trate with  4  cc.  HNO3  ;  boil  well,  if  excess  of  acid  should  be  used, 
make  alkalme  with  NH^OH,  and  re-acidify  with  dilute  HjSO^  Cool 
to  about  4o®C.  and  titrate  with  N/io  FcSO^  containing  free  H2SO4 
(standardized  by  KjCr^O^  or  KjMn.jOj)  usmg  K^FejCyu  as  indi- 
cator. 

Fe  value  of  standard  x  o  914  =  Vd. 

V,0,  +  2FeS04  -f  H.SO^*  V,0,  -f  Fe^CSOJ,  -f  H^O. 

In  the  case  of  alloys,  dissolve  0.5  gm.  in  aqua  regia  or  HCI  and  KCIO, 
evaporate  to  dryness,  heat  with  6  to  8  cc.  H2SO4  (making  sure  to  expel 
all  HCI  and  chlorides  which  interfere)  dilute,  oxidize  with  HNO3  and 
titrate  as  before. 

Asa  check,  the  solution  can  be  titrated  with  standard  K^MnjOg  ; 
results  are  usually  a  trifle  higher. 

Tungsten  in  Ores.  Bullnheimer  (^Chem,  Ztg,^  XXIV.,  870).  Fuse  i 
to  2  gms.  in  a  nickel  crucible  with  4  gms.  NajO,  and  3  gms.  NaOH. 
After  solidification,  the  crucible  while  still  hot  is  placed  in  water  and  the 
solution  transferred  to  a  250  cc.  flask.  If  any  green  of  Na2Mn04  appears, 
add  a  little  HjO,,  cool,  dilute  to  the  mark  and  filter  off  125  cc. ;  add 
20  gms.  NH  NU3.  This  affords  NaNO.  and  excess  of  NH^OH. 
Allow  to  stand  to  precipitate  SiOj  and  SnO,.  When  t?iese  have  com- 
pletely  separated  add  Mg(N03)2  to  precipitate  As^Og  and  PjOg,  let 
stand  6  to  12  hours  and  filter;  acidify  with  HNO3  and  precipitate 
out  WO3  by  use  of  HgNOj.  Filter,  wash  whh  water  containing  HgNOg, 
dry  and  ignite  to  constant  weight.  If  M0O3  is  present,  it  will  be  in  the 
precipitate  and  is  but  slowly  volatilized  off.     Its  volatilization  is  facili- 
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tatcd  by  adding  NH4CI  and  igniting.  If  the  SiO,  and  SnOj  are  not 
completely  precipitated  before  adding  Mg(N03)2  some  WOu  will  appear 
in  the  precipitate.  Nitrate  reagents  are  used  because  of  the  final  use  of 
HgNOg. 

The  HgNOj  reagent  is  prepared  by  dissolving  200  gms.  by  warming 
with  20  cc.  HNO3  and  some  water,  then  dilute  to  1  liter  and  add  some 
Hg.  After  some  hours,  add  NH4OH  until  the  solution  is  only  faintly 
acid ;  allow  to  stand  until  the  supernatant  solution  is  absolutely  clear, 
filter  and  ignite  to  WOj,  weigh,  etc. 

Molybdenum  SteeL  Kopp  {J.  Am,  Chem.  Soc,  XXIV  ,  186).  Dis- 
solve 0.5  gm.  m  a  platinum  crucible  by  use  of  2  tc.  HjSO^  (gr.  1.58) 
and  12  cc.  water,  evaporate  off  the  water,  add  30  gms.  KHSC-)^  and  tiise. 
Dissolve  in  water  and  dilute  to  500  cc,  digest  hot  until  clear,  add  100 
cc.  NH4OH  and  make  up  to  i  liter.  Mix  well,  filter  off  500  cc.  through 
a  dry  filter,  add  40  cc.  HJSO^,  run  through  a  reductor  (column  of  zinc 
granules)  add  to  cc.  HjSO^  and  titrate  with  standard  KjMnjOg. 

To  correct  for  impurities  of  the  Zn,  run  a  •*  blank"  solution  through 
the  reductor  consisting  of  450  cc.  water,  50  cc.  NH4OH,  and  40  cc. 
HjSO^.  Ferrotnolybdenum  is  managed  in  the  same  manner,  except  that 
the  firat  attack  is  made  by  15  cc.  strong  HNOg,  which  is  followed  by  the 
treatment  with  H2SO4,  lusion  with  KHSO4,  etc. 

A  similar  method  is  applied  to  tungsten  steels,  the  i  gm.  sample  being 
first  dissolved  in  HNO3,  with  final  addition  of  HCl,  evaporating  to  dry- 
ness to  render  SiO,  and  VVO3  insoluble,  diluting,  filtering  and  proceed- 
ing as  above. 

Molybdenum  in  Steel.  Auchy  (y.  Am,  Chem.  Soc.^  XXIV.,  273). 
Treat  not  over  1.308  gm.  of  the  sample  with  excess  of  strong  HNOg  and 
a  little  KClOg.  Boil  down,  add  HCl  and  evaporate  to  dryness  to  re- 
move SiOj.  Again  lake  up  with  HCl  and  evaporate  to  appearance  of 
scum.  Then  add  5  cc.  HCl  with  15  cc.  water  i»nd  heat  until  di;»soive«i. 
Dilute  to  50  cc.  and  pour  slowly  into  20  gm-.  NaOH  dissolved  m  100 
cc.  water  m  a  300  cc.  flask.  Dilute  to  the  mark,  mix  well,  let  settle  and 
filter  off  250  cc.  Place  this  in  a  beaker,  add  HjSO^,  buil  down  to  less 
than  100  c  .,  reduce  with  Zn  ai.d  titrate  with  standard  KjMnjOg. 

Selenium  in  Sulphuric  Acid.  Jouve  (^Bull.  Soc.  Chim.^  XXV.,  489). 
Crude  acetylene  when  passed  into  the  acid  gives  a  red  coloration  if  Se  is 
present.  The  coloration  occurs  more  promptly  in  the  presence  of  HCl 
vapors;   I  in  100,000  may  be  thus  detected. 

Volumetric  for  Selenium.  Friederich  (Z/y.  Angew,  Chem,,  XV.,  852). 
The  method  depends  on  the  reaction  of  precipitated  Se  on  AgNO^  in 
ammoniacal  solution.  Thus:  AgNOg  +  3Se  -f  3H2O  =  2Ag2Se  + 
HjSeOj  +  4HN0j.  The  precipitate  and  filter,  after  thorough  washing, 
are  placed  in  the  beaker  in  which  the  precipitation  was  effected,  and  10 
cc.  of  NH4OH  and  (say)  25  cc.  N/ 10  ^gN03  added.  After  two  to  three 
minutes,  boiling  the  red  Se  should  be  changed  to  black  AgjSe,  and  white 
AgjSeOg  should  precipitate  against  the  glass.  If  the  latter  does  not  ap- 
pear either  Se  is  very  small  or  AgNOg  is  deficient.  To  make  sure  add 
more  AgNOg  solution,  also  NH^OH,  and  boil  again.    Then  acidify  with 
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HNOg  of  about  three  percent,  and  titrate  back  excess  of  Ag  by  standard 
NH4CNS.  If  Se  is  over  0.05  gm.  the  precipitate  is  agglomerated  in  too 
large  clots  to  give  the  best  rt  suits. 

Sulphur  in  Irons.  Dougherty  (^Iron  Age,  May  8,  1902).  The  evolu- 
tion method  has  been  found  to  be  capable  of  givii  g  accurate  results  if  the 
portion  of  the  sample  taken  for  the  pun  ose,  is  previously  ignited  in  a 
porcelain  crucible  covered  with  a  disc  of  filter  paper.  The  Hj^  evolved 
is  passed  in  to  KOH  and  titrated  with  standard  I.  Elliott  method. 

Sulphur  in  Pig  Iron.  Stehman  {/.  Am,  Chem.  SoCy  XXIV.,  644). 
The  Eschka  method  was  applied  thus :  The  samples  were  pulverized  un- 
til they  would  pass  a  5o*mesh  sieve  or  finer.  If  the  material  was  coar>er 
incomplete  oxidation  was  found  to  be  inevitable.  A  mixture  was  made 
of  MgO  four  parts,  KjCOg  one  part,  NajCOj  one  part. 

3  gms.  of  the  prepared  sample  were  mixed  with  3  gros.  of  the  basic 
mixture.  About  0.5  of  the  latter  was  reserved  to  be  applied  as  a  cover 
to  the  charge.  The  material  was  charged  in  a  30  cc.  platinum  crucible 
set  in  a  hole  in  an  asbestos  board.  The  bottom  of  the  crucible  was  then 
heated  to  full  red  for  one  hour.  When  cold,  the  mass  was  dc ached 
from  the  crucible,  treated  with  hot  water  and  10  cc  pure  water  added. 
Boil  13  minutes  and  filter.  Acidify  the  filtrate  with  HCl,  boil  out  Br 
and  precipitate  with  BaClj.  The  results  show  good  agreement  with  other 
methods  (Bambers,  etc.). 

Sulphur  in  Coal.  Stoddart  (/.  Am  Chem.  Soc,  XXIV.,  852)  Six- 
teen different  coals  from  various  localities  (American)  were  examined  by 
six  different  methods.  The  resuhs  indicated  that  Esrhka's  method  is  the 
best,  provided  the  solution  is  evaporated  down  to  remove  SiO,  before 
precipitating  by  BaCl,. 

Sulphur  in  Plants,  Fraps  (/.  Am.  Chem,  Soc,  XXIV.,  344).  Heat 
5  gms.  with  cone.  HNO3  on  a  water  bath,  eventually  concentrati>  g  to 
small  bulk,  then  add  10  cc.  of  5  per  cent,  solution  of  KNO3,  evaporate 
to  dryness  and  ignite  until  whit  .  Dissolve  in  HCl,  evaporate  to  separate 
SiO,  and  determine  by  BaCl,  as  usual.  Results  by  this  method  are  per- 
ceptibly higher  than  by  the  usual  method. 

Persulphaies.  Peters  and  Moody  {^Zts.  anorg,  Chem.,  XXIX..  326). 
Comparison  of  Methods.  Leblanc  and  Eckardt,  Treating  with  excess 
of  standard  (NH4)2Fe(S04)3  for  10  minutes  at  60-80°  or  for  eeven 
hours  at  ordinary  temperatures,  and  titrating  excess  of  ferrous  iron  by 
standard  K^Mn^O^.  Results  accurate.  FilliuK  the  flask  with  CO^  was 
found  to  be  unnecessary. 

Grut%ner.  Reducing  by  standard  solution  of  As^Ojin  boiling  KOH 
or  NaOH  solution,  cooling,  acidulating  with  H2SO4,  adding  KHi  O3 
and  titrating  excess  of  AS^O,  with  standard  I.  Results  good,  provided 
correction  is  made  for  oxidizing  reaction  produced  by  the  reagents  used. 

Mondolfo.  Heating  in  a  closed  flask  for  a  short  time  at  60  to  80°  with 
KI  and  titrating  the  liberated  I  with  standard  NajS^Og.  Results  usually 
low  unless  the  volume  is  kept  small,  and  the  time  of  heating  increased  to 
thirty  minutes. 

vol..  xxnr.— 7. 
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Namias.  Same  as  th«  last  except  that  the  mixture  is  allowed  to  stand 
for  se\reral  hours  at  ordinary  temperatures.  Results  also  low  with  the 
exception  as  noted. 

Gooch  and  Smithes  method  for  chl  rates  was  also  applied  to  persul- 
phates  with  good  results.  It  consists  in  adding  a  standard  ^olution  of  K( 
in  excess,  also  an  excess  of  K,  AsO^,  acidifying  with  HjSO^,  dilu  ing» 
and  boiling  down  to  one  third  ot  the  original  bulk,  after  cooling  render- 
ing alkaline  with  KHCOg,  and  the  remaining  arsenite  titrated  with  sund- 
ard  I  solution. 

Standardizing  for  Titration  of  Phosphates,  Muller  {Bull,  Soc,  Chim.^ 
XXV).  Na3HP04'2  HjO  is  objectionable  because  so  easily  efflores- 
cent. The  •'Phosphorus  Salt'*  NaNH^HPO^.HjO  is  mu<h  superior, 
losing  only  0.15  per  cent,  of  its  weight  under  conditions  where  the  first- 
named  salt  loses  2.4  per  cent.  Crybtallized  dicalcic  phosphate — Ca^H,- 
(^^4)2-4^2^ — '^  superi  r  to  either,  not  altering  at  all  under  ordinary 
atmospheric  conditions.  To  prepare  it  add  a  cold  dilute  solution  of 
Na2HP04  to  dilute  CaClj  solution  until  almost  complete  precipitation  is 
effecten.  The  precipitate  is  at  first  gelatinous,  but  quickly  becomes 
crystalline.  It  is  easily  washed,  after  which  dry  on  flat  plates  at  70^  C. 
The  theoretical  content  in  P2O5  is  41.27  per  cent.  The  material  pre- 
pared by  the  author  appeared  to  c  ntain  o.  i  to  o.  a  more. 

Boric  acid,  Farnsteiner  {Zts,  Nahr,  Genus sm,^  V  ,  i).  The  acid 
may  be  accurately  titrated  with  N/2  KOH,  NaOH  or  BaCOH)^  (-^ith 
phenolphthalein  indicator),  when  both  are  dissolved  in  absolute  methyl 
alcohol.  The  end  reaction  cannot  be  asser  ed  until  the  coloration  is  very 
marked,  as  a  faint  pink  will  show  before  the  neutralization  is  c  mplete. 
The  distillate  obtained  by  distilling  BojO,  with  methyl  alcohol  can  be 
almost  as  readily  titrated  as  the  solution  of  B^Og  in  methyl  alcohol. 

Hebebrand  (1^.,  V.,  55)  proposes  a  colorimetric  method.  Render 
the  solution  slightly  alkaline  with  NaOH,  evaporate  in  a  platinum  dish 
and  ignite  to  destroy  all  carbonaceous  matter.  Then  dissolve  in  5  cc.  of 
water  containing  0.5  cc.  HCl,  pouring  the  solution  into  a  comparison 
tube.  Rinse  the  dish  into  the  tube  with  15  cc.  of  alcohol,  add  15  cc. 
HCl  (sp.  gr.  1.12)  and  after  cooling  0.2  cc.  of  a  i  per  cent,  solution  of 
turmeric.  Comp>are  with  the  results  obtained  by  subjecting  known 
amounts  of  HgBO,  to  the  same  treatment^  allow  to  stand  30  minutes 
before  comparing,  o.  mg.  BgOg  gives  a  pale  brown,  10  mg.  a  bright 
rose  red    .The  color  is  destroyed  by  bjiling  or  by  prolonged  exposure  to 

light. 

Silica  Determinations,  Hillebrand  (yi  Am.  Chem,  Soc,  XXIV.,  ^62). 
Experiments  here  detailed  show  that  repeated  evaporations  with  HCl  fol- 
lowed by  a  single  filtration  do  not  entirely  remove  SiOj  after  the  usual 
fusion  with  alkaline  salts,  carbonates,  etc.  Two  or  more  evaporations 
alternating  with  filtrations  are  necessary. 

The  SiO,  passing  into  the  filtrate  is  not  (as  is  usually  supposed)  wholly 
thrown  down  by  NH4OH  or  NaC^HgO,  precipitation  of  iron,  alumma, 
etc. 

SiOj  is  appreciably  soluble  in  fused  KHSO4. 

To  obtain  the  correct  weight  of  the  SiOg  separated,  ignition  by  the 
blast  is  absolutely  essential. 
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SiiMtt  in  Ferro  Silicon,  Morris  (/.  S.  C,  LXXL,  537).  The  ordi- 
nary mode  of  decomposing  is  by  fusion  with  Na^COg.  The  author  has 
found  that  many  of  the  inconveniences  of  this  method  may  be  obviated 
by  attacking  o  5  gm.  of  the  sample  with  10  gms.  FejCl^  (U.  S.  P.)  50  cc. 
cone.  HCl  and  0.5  gm.  tartaric  acid.  But  little  heating  is  necessary  to 
effect  solution.  When  the  solution  is  complete  add  25  cc.  cone.  HCl, 
boil  for  a  fe^  moments,  remove  the  heat,  dilute  with  cold  water  and  filter, 
washing  with  hot  dilute  HCl  and  hot  water. 

Silicon  in  Ferro  Silicons,  Ramorino  {Monit  Sci.,  XVI.,  Jan.,  190?), 
NajOj  fused  with  ferro  silicon  affords  an  almost  explosive  action.  If, 
however,  it  is  moderated  by  mixing  0.5  gm.  of  the  sample  with  10  gms. 
of  mixed  Na^COg  and  K^COg  and  i  gm.  NajO,,  by  careful  heating  in 
platinum  crucibles,  the  action  can  be  controlled,  and  decomposition 
readily  and  quickly  effected.  Dissolve,  add  10  cc.  HNO3  and  2  gms. 
KC'lOg  as  well  as  dilute  HCl  —  evaporate  to  dryness,  etc.,  and  determine 
S1O2  in  the  usual  manner. 

Silicon  in  Aluminum,  Goldschmidt  {Zts.f,  EUcktrochem, ,  VIII.,  1 23). 
In  dissolving  in  HCl  for  separation  of  SiO,  some  Si  is  lost  as  SiH^. 
This  source  of  error  is  obviated  by  addmg  Br  to  the  HCl  used  to  effect 
solution. 

Graphite  in  Irons,  Dougherty  {Iron  Age,  May  8,  1902).  Treat  t 
gm.  of  drillings  with  60  cc.  HNO3  (gr.  1.13).  Heat  until  no  more 
nitrous  fume^  come  off  (about  30  minutes),  then  boil  hard  5  minutes. 
Weiuh  a  Gooch  crucible  and  filter  paper  cut  to  fit  the  bottom  Stir  the 
liqu'd  and  filter.  Then  wash,  once  with  dilute  HNO3,  thrice  with  hot 
water,  twice  with  hot  KOH  solution  (10  to  15  per  cent.)  thrice  with  hot 
water,  once  wiih  alcohol,  and  once  with  ether.  Dry  one  hour  at  i  i5°C., 
weigh,  ignite  until  nothing  black  remains,  weigh  again.  First  weight  in- 
crease over  weight  of  crucible  and  paper  disc  =  graphite  +  silica,  eic. 

Second  weight  increase  over  weight  of  crucible  =  silica,  Difference  x 
0.96  =  graphite. 

Asbestos  for  the  filter  is  not  desirable,  as  it  shows  a  constant  loss  of 
weight  on  ign  tion. 

Cyanide  —  Detection  in  Presence  of  Thiocyanate  and  Ferro  and  Fer- 
ricyanides,     Preiss  (^Am,  Chem,  Jour.^  XXVIII.,  240). 

Remove  heavy  metals,  etc.,  by  boiling  25  to  50  cc.  of  the  solution  with 
alkaline  carbonate  convert  ferncyanides  to  ferro — by  adding  KOH  and 
about  0.5  gm.  Al.  filings;  when  this  is  complete  as  ascertained  by 
testing  a  few  drops  with  FcSO^,  acidify  with  HCl  and  precipitate  out  all 
ferrocyanide  with  excess  of  HgClj.  Shake  well  (do  not  heat)  and  filter 
pouring  the  liquid  back  upon  the  filter  until  it  runs  clear.  Then  convert 
the  HCy  present  into  ferrocyanide  by  adding  KOH,  filtering  off  HgO, 
then  to  the  filtrate  FeSO^  and  boiling.  Filter,  acidify  the  filtrate  with 
HCl,  and  add  KejCl,,.  Add  HgClj  to  decolorize  the  thiocyanate,  when 
the  Prussian  blue  color  will  be  perceived  if  the  original  solution  contained 
HCy.     Except  where  spec  fied,  all  solutions  should  be  kept  cold. 

Titration  of  Cyanide  and  Chloride,  Gatehouse  {Chem, .  News, 
LXXXIV.,  197).  On  adding  standard  AgNOg  solution  to  a  solution  con- 
taining both  cyanide  and  chloride,  the  cyanide  reacts  first  (to  all  intents). 
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Thus :  adding  AgNO,  to  the  first  appearance  of  permanent  turbidity, 
determine  CN  (or  KCN)  present,  KCN.AgCN  being  formed.  Addition 
of  as  much  AgNO,  as  before  affords  AgCN  as  a  precipitate,  then  addi- 
tion of  K2Cr04  and  continuing  the  addition  of  AgNOg  gives  the  ordinary 
end- reaction  when  all  of  the  chloride  has  been  converted  to  AgCl. 

Stability  Tests  for  Nitro  Explosives^  etc.  Aspinwall  (y.  Sci,^  XXL, 
687).     Nitro  explosives  must  meet  these  conditions : 

I.  Unchangeability  under  variation  of  temperature  between  +  45^  C. 
and  —  30°  C. 

3.  Not  affected  by  moisture. 

3.  Ballistic  properties  must  be  unchanged  under  thest  conditions. 

4.  Not  liable  to  spontaneous  decomposition  or  disintegration. 

KI  Test.  Evolution  of  gases  affecting  moistened  paper  (KI  solution). 
The  British  government  specifications  are :  The  fumes  shall  not  give  a 
brown  line  of  demarcation  between  the  wet  and  dry  portions  of  the  paper 
before  the  time  specified. 


Detcription. 

Temperature. 

Time. 

Nitro  glycerine  and  dynamite, 

x6o«  F.  =710 

C. 

15  minutes. 

Blasting  gelatin,  gelatin  dynamite,  etc, 

,  i6o«  F.  —  7i«> 

c. 

10       " 

Cordite  and  ballistite, 

i8o<»  F.  —  82« 

C. 

15       " 

Gun  cotton,  tonite,  etc., 

i*jo^  F.  =  76.6« 

»C. 

10       " 

Gelatinized  gun-cotton  preparations. 

i8oOF.=820 

C. 

15        " 

U.  S.  specifications : 

Descripdon. 

Temperature. 

Time. 

Smokeless  powder, 
Nitro  cellulose 

xooo     C. 

«     ID  minutes. 

65.5^  c. 

30       •« 

The  author  does  not  regard  the  test  as  satisfactorily  indicative  of  the 
stability  of  the  explosive. 

Guttmann  proposed  the  use  of  diphenylamine  instead  of  KI.  With 
that  reagent  many  have  failed  to  obtain  concordant  results. 

Hotsema  proposed  heating  the  explosive  in  a  constant  bath  for  a  cer- 
tain length  of  time  and  then  flowing  dry  CO,  through  it,  the  gas  being 
passed  through  glass  wool  moistened  with  H2SO4  and  diphenylamine. 
The  method  has  never  received  official  recognition. 

The  Thomas  Arx/  consists  in  heating  a  p  irtion  of  the  sample  in  a  cylin- 
der 16  cm.  high  and  1.5  cm.  diameter  with  ground  glass  stopper  for  eight 
hours  a  day  in  an  oil  bath  maintained  at  a  certain  temperature  (100^  C). 
The  exact  time  of  appearance  of  brown  fumes  is  noted  as  the  end  of  the 
test.  A  powder  containing  nitroglycerine  should  evolve  no  brown  fumes 
at  94^  to  96°  C.  in  four  days,  or  nitrocellulose  powders  at  99^  to  loi^ 
C.  in  three  days.  The  length  of  time  required  for  the  test  is  objection- 
able. 

The  Vielle  test  is  somewhat  similar.  The  tubes  containing  the  samples 
are  closed  to  all  intents  hermetically  by  means  of  a  spring  and  rubber  gas- 
ket on  the  cover.  The  heating  is  maintaine  1  by  a  bath  at  1 10^.  A  piece 
of  blue  litmus  paper  is  placed  in  contact  with  the  explosive,  when  that  is 
reddened  completely,  the  time  is  noted,  a  fresh  piece  of  blue  litmus  paper 
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is  placed  in  the  tube  and  the  heating  continued.  This  is  repeated  until 
the  litmus  paper  is  completely  reddened  within  one  hour.  The  aggregate 
of  the  times  taken  for  the  changes  in  the  color  of  the  litmus  papers  is 
taken  as  the  indication  of  the  stability  of  the  explosive. 

The  Will  test  consists  in  heating  the  dampened  explosive  in  a  tube  at 
1 35  ^  and  measuring  the  N  evolved  in  the  gases  given  off.  A  current  of  CO , 
is  kept  passing  through  the  tube  to  sweep  out  all  tie  gases  evolved,  which 
are  passed  through  a  suitably  arranged  combustion  tube  to  convert  all  the 
nitrogen  oxides  to  N.  The  CO,  is  absorbed,  and  the  volume  of  N  is  read 
off,  §rst  at  the  end  of  30  minutes,  and  afterward  at  intervals  of  15 
minutes.  If  the  gas  is  given  off  at  a  fairly  uniform  rate,  the  mdication  is 
that  the  nitro  substance  has  been  suitably  purified.  Dr.  Ries  proposes  to 
modify  this  test  by  heating  in  vacuo  instead  of  in  a  current  of  CO,. 

Oz4fne  Paper,  Chlopin  (Z/x.  Nalir,  u,  Genussm^  V.,  504).  Paper 
impregnated  with  the  dye  known  in  the  trade  as  Ursol  D  when  moistened, 
turns  blue  if  ozone  is  present.  H  ^O,  has  no  effect.  Nitrous  fumes,  CI  and 
Br  give  a  bluish-green,  passing  into  yellow. 

Hydrogen  Peroxide.  Arth  (Jdonit  Sci.,  XV.,  No.  715}.  Oxalic  acid 
is  present  in  some  commercial  H^Oj.  A  method  proposed  for  its  detec- 
tion (and  determination)  is  to  add  to  a  measured  volume  of  the  sample, 
NH4OH  until  alkaline,  and  then  CaCL — ^to  dissolve  the  precipitate  in 
HjSO^  and  titrate  warm  with  standard  K^Mn^Og.  This  involves  some 
error,  as  the  precipitate  may  consist  partially  (or  even  entirely)  of  the 
slowly  soluble  CaO ,.  H^CjO^ina  solution  of  H 2 O ^  rapidly  diminishes 
its  strength. 

Attention  is  called  to  the  practice  of  many  manufacturers  who  use  a  solu- 
tion  of  KjMujOg  containing  3.163  gms.  of  the  salt  per  liter.  They 
operate  on  2  cc.  of  the  sample  and  the  number  of  cc.  of  K^Mn^Og  solu- 
tion used,  divided  by  3  is  taken  as  the  volume  value  of  the  sample.  In 
fact  the  results  only  indicate  actually  83.8  percent,  of  what  is  claimed 
for  it  In  other  words,  what  by  this  test  would  be  asserted  to  be  a  10 
volume  solution  is  really  only  8.38  volumes. 
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ALUMNI  AND  UNIVERSITY  NEWS. 


SCHOOL  OF  CHEMISTRY. 

General Chemistry  was  included  for  the  first  time  last  year  in  the 

summer  session  of  the  University  which  lasted  for  six  weeks,  beginning 
July  7.  The  following  courses  were  given  by  Professor  Miller,  Dr. 
Jouet  and  Dr.  Chambers. 

General  Chemistry, — An  elementary  course  equivalent  to  the  entrance 
requirements  now  in  force  in  the  schools  of  applied  science. 

The  Teachers*  Course  in  Chemistry^  arranged  especially  to  meet  the 
needs  of  those  teaching  chemistry  in  high  schools. 

Qualitaiive  Analysis, — ^The  equivalent  of  the  regular  firet-year  course. 

Quantitative  Analysis, — A  short  course  less  technical  than  the  applied 
science  courses. 

The  quantitative  laboratory  was  also  open  to  special  students  who  did 
not  wish  to  take  any  of  the  regular  courses. 

The  number  of  students  attending  these  courses  was  fifty-nine  and  the 
work  done  was  most  satisfactory. 

The  death  of  one  of  the  officers  of  the  department,  Mr.  G.  C.  Hub- 
bard, occurred  last  May,  after  an  operation  for  appendicitis.  Mr  Hub- 
bard was  a  graduate  of  the  Schc^ol  <  f  Chemistry  in  190 1  and  was  assis- 
tant in  assaying  up  to  the  time  of  his  death,  having  charge  of  the 
practical  work  of  the  assay  laboratory.  His  sudden  death  was  a  great 
shock  and  the  cause  of  sincere  regret  to  the  department. 

The  present  academic  year  finds  this  Department  of  the  University  in 
a  very  flourishing  condition  as  to  officers  and  students,  both  in  numbers 
and  in  quality,  but  very  much  handicapped,  if  not  indeed  crippled,  by 
the  overcrowded  condition  of  the  laboratories. 

General  and  Applied  Chemistry,  —  The  school  has  suffered  a  severe  loss 
this  year  in  the  absence  of  Mr.  Milton  C.  Whitaker,  tutor  in  chemistry 
for  the  last  four  years,  who  resigned  to  take  the  re>ponsib]e  and  important 
position  of  chemist  to  the  Welsbach  Light  Company,  of  Gloucester  City, 
N.  J.  Mr.  Whitaker,  during  his  stay  at  Columbia,  had  made  himself 
universally  popular  with  both  his  colleagues  and  the  students,  and.  before 
his  departure  in  June  last,  at  a  meeting  of  the  Columbia  University 
Chemical  Society  at  the  house  of  Professor  Chandler,  a  handsome  silver 
tea  service,  suitably  engraved,  was  presented  to  him  as  a  token  of  friend- 
ship and  esteem  from  his  many  friends  at  Columbia. 

The  laboratory  course  in  General  Chemistry  for  Columbia  College 
students,  known  as  Chemistry  i .  formerly  given  by  Mr.  Whitaker,  has 
been  changed  to  a  new  course,  Cheniistry  6,  consisting  of  both  lectures 
and  laboratory  work  in  elementary  chemistry.  This  is  intended  to  serve 
as  an  equivalent  to    the  entrance  examination   in   chemistry,  and  is 
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reqttired  as  a  preKquisite  to  Professor  Chaadler's  course  of  Chemistry  i, 
from  all  students  who  have  not  covered  sa  isfactonly  the  same  ground  in 
their  previous  work  This  course  is  given  by  Dr.  Carl  Ernst,  B.S. 
Northwestern  University,  1890,  Ph.D.  Leipzig,  1900,  who  has  suc- 
oetded  Mr.  Whitaker  as  tutor  in  chemistry.  It  has  proved  extremely 
attra<.tive  10  the  college  men,  for  whom  it  is  intended,  and  has  been 
elected,  .so  far,  by  64  students. 

An«jther  course.  Chemistry  10,  on  advanced  inorganic  chemistry, 
including  the  rare  elements  formerly  given  by  Mr.  Whitaker,  has  been 
taken  this  y»ar  by  Processor  Pellew.  1  his  course  has  now  been  made 
compulsory  for  all  third  year  regular  students  in  the  School  of  Chemistry, 
but  as  an  elective  was  taken  last  year  by  all  the  second  year  regular  stu- 
dents, who  are  therefore  excused  from  attendance  this  year.  It  is,  how- 
ever, being  taken  by  8  students,  either  post-graduates  or  advanced  stand- 
ing men. 

The  classes  in  Professor  Chandler's  lectures  are  unusually  large, 
Chemistry  1  having  on  its  rolls  198  students,  which,  with  the  college  men 
under  Dr.  Krnst,  make  a  total  of  over  260  men  studying  general  chemis- 
try this  year,  as  compared  with  205  last  year. 

Chemistry  34,  Industrial  Chemistry,  General  Course,  is  almost  equally 
popular  with  185  students  as  agamst  147  men  last  year 

Fortunately,  when  Havemeyer  Hall  was  planned,  the  probability  of 
large  classes  was  duly  recogn  zed,  and  the  main  chemical  lecture  room 
was  accordingly  made  the  largest  of  any  lecture  room  in  the  University. 
Hut  if  the  classes  continue  to  increase  in  the  present  proportions  it  will 
be  impossible  to  accomodate  them  even  in  the  lecture  room.  The 
labo  at(  tries,  as  is  seen  below,  are  crowded  at  present  almost  beyond 
endurance. 

In  fustrial  Chemistry.  —  The  various  courses  given  in  this  laboratory 
are  all  attracting  their  fair  proportion  of  special  students  and  post  graduate 
students. 

Ahhough  the  regular  students  of  the  School  of  Chemistry  have  not  yet 
begun  their  work  there,  instruction  is  now  being  given  in  each  of  the 
three  courses,  inorganic  preparations,  dyeing  and  calico  printing  and 
electro-chemistry,  to  classes  of  four  to  six  students.  The  coun-e  in  electro- 
chemistry has  proven  decidedly  attractive,  and  is  being  taken  this  term, 
as  an  extra,  by  two  regular  fourih->ear  students  of  the  analytical  option, 
as  well  as  by  two  electrical  engineer*i  and  two  post-graduates.  In  an- 
t  cipation  of  the  crush  which  will  take  place  next  term,  the  capacity  of 
the  Electro-f  hemical  Laboratory  has  been  doubled,  and  its  equipment  im- 
proved until  now  it  provides  every  facility  both  for  regular  instruction  and 
for  research  work  in  this  important  br-inch  of  chemistry. 

The  Qualitative  Laboratory  is  so  crowded  this  year  that  no  suitable 
room  could  be  found  t  ere  for  Dr  Ernst,  and  so  he  has  been  invited  to 
occupy  rOom  418,  Havemeyer,  in  the  Industrial  Laboratory,  a  room 
hitherto  devoted  to  r«  se  rch  work.  Mr.  Tucker  and  Dr.  Ernst  have  be- 
gun a  careful  investigation  on  the  subject  of  obtaining  electrical  energv 
from  the  oxidization  of  carbon  and  of  carbon  monoxide,  with  especial 
reference  to  the  work  of  Dr.  Burcher's  on  this  subject  published  some 
little  time  ago. 
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Physical  Chemistry. — The  work  in  this  department  has  assumed  such 
proportions  that  th  services  of  an  assistant  has  been  found  nectssary,  and 
Mr.  Henry  A.  Jackson,  B.S.  (Princeton,  '99),  has  received  the  appoint- 
ment. As  Mr.  Jackson  has  had  a  year  in  Leipzig,  under  O  twald,  he  is 
very  well  ikied  for  the  position  This  vear  there  are  six  post  graduate 
students,  candidates  for  the  degree  of  Ph.D  ,  three  taking  the  subject  as 
a  major,  and  three  as  a  minor ;  and  twenty-five  undergraduates.  From 
this  year  on  the  fourth-year  metallurgists  are  tt)  take  chemistry  (4)  with 
the  chemists  as  a  required  subject,  it  having  been  found  very  necessary 
in  the  study  of  the  new  metallurgy.  Professor  Morgan  is  giving  during 
the  first  term  an  optional  course  on  electro-chemistry  to  the  electrical  engin- 
eers, which  will  probably  become  a  required  course  next  year. 

As  a  great  amount  of  the  work  necessary  for  the  organization  of  the 
department  under  the  new  <  onditions  is  now  completed,  it  is  expected 
that  much  original  work  will  be  published  this  year,  as  four  investigations 
have  already  been  started  and  several  others  are  about  to  start.  The 
second  rdition  of  Professo  Morgan's  ''  Elements  of  Physical  Chemistry" 
appeared  in  the  spring  a  d  is  being  used  as  the  basis  of  the  lecture  course 
(Chemistry  4).  The  prot)lems  given  in  the  last  chapter  of  this  work  to 
illustrate  the  text  have  proved  very  successful  in  practice,  and  these  and 
other  new  ones  are  being  used  in  the  quiz  w(>rk>  so  that  the  student  learns 
first  the  facts,  and  then  how  to  apply  them  in  practical  work. 

Organic  Chemistry  — During  the  past  year  a  number  of  changes  have 
been  made  in  the  •  ourses  in  this  subject. 

In  order  mtire  satisfactorily  to  prepare  chemical  students  for  the  indus* 
trial  chemistry  and  proximate  organic  analysis  of  the  third  year,  elemen- 
mmtary  organic  chemistry  (Chem.  20)  has  been  made  a  required  subject 
for  all  second-year  chemists.  The  course  heretofore  given  to  third- 
year  chemists  has  been  transferred  to  the  fourth  year  and  consolidated 
with  the  regular  fourth-year  course  to  a  single  course  (Chem.  35)  of  five 
hours  per  week  throughout  the  year.  The  general  laboratory  work 
(Chf  m.  33)  has  been  set  off  from  the  lectures  as  a  separate  course,  to 
permit  of  its  bt-ing  elected  by  those  who  are  already  sufficiently  well 
trained  in  the  theoretic  al  part  of  the  subject.  The  conferences  (Chem. 
36)  are  now  requir  d  of  all  students  taking  the  organic  option,  and  of 
thobe  who,  as  candidates  for  higher  degrees,  take  major  coures  in  organic 
chemistry  A  new  advanced  course  is  offered  this  year  at  Barnard  by 
Dr.  Chambers,  and  already  several  students  have  registered  for  it. 

The  progress  of  the  department  has  been  greatly  aided  and  stimulated 
by  the  recent  action  of  the  trustees  in  advancing  the  grade  of  the  asso- 
ciate from  assistant  to  that  of  tutor,  thus  making  it  possible  to  retain  an 
ex(>erienced  man  and  steadily  develop  the  work  without  the  interruption 
consequent  upon  the  breaking  in  of  new  men  every  year. 

From  the  present  outlook,  the  total  enrollment  in  the  various  courses 
will  exceed  that  of  any  previous  year.  It  is  an  encouraging  sign  that 
there  appears  to  be  a  steady  and  quire  rapid  increase  in  the  number  of 
those  who  elect  the  elementary  courses,  their  value  being  well  recognized 
by  seniors  in  the  college  who  expect  to  enter  the  Medical  Department. 

Professor  Bogert  has  recently  been  e  ected  a  Vice-President  of  the 
Society  of  Chemical  Industry  (of  England). 
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During  the  calendar  year  1901  the  following  publications  appeared 
from  the  Organic  Laboratory : 

1.  ''Some  Experiments  with  the  Mononitroorthophthalic  Acids."  By 
M.  T.  Bogert  and  L.  Boroschek;  y.  Am.  Ckem.  Soc,  23,  740. 

2.  '*  Review  of  V,  Thomas's  '  Les  Plantes  Tinctoriales  ct  leurs  Princi- 
pes  Colorants.'"     By  M.  T.  Bogert;  Science^  N.  S.,  14,  218. 

3.  * '  Review  of  V.  Thomas's '  Les  Matidres  Colorantes  Naturelles.' ' '  By 
M.  T.  Bogert;  Science^  N.  S.,  14,  846. 

4.  <'  The  New  Radio- Active  Substances.*'  By  C.  E.  Caspari ;  Am. 
Chem.J.y  25,  77. 

5.  ''The  Synthesis  of  Amines  by  the  use  of  Alkyl  Salicylates."  By 
A.  Tingle;  Am,  Chem.  ^^y  25,  144. 

6.  '*The  Higher  Superoxides  of  Hydrogen."  By  C.  E.  Caspari; 
Am.  Chem.  J.  ^  25,  336. 

7.  "Antipyrin  and  its  Derivatives."  By  D.  C.  Eccles;  S.  of  M.  Q., 
22,  259. 

8.  "The  Density  and  Molecular  Weight  of  Ozone."  By  C.  E.  Cas- 
pari; Am.  Chem.J.^  25,  432. 

9.  '^  The  Synthesis  of  Alkylketodihydroquinazolines  from  Anthranilic 
Acid."     By  A.  H.  Gotthelf;  Jour.  Am.  Chem.  Soc.^  23,  611. 

The  following  investigations  are  now  in  progress : 

1.  "Pentadiazenons."     By  M.  T.  Bogert. 

2.  '« Tlie  Exchangeof  Cyanogen  for  Other  Groups."   By  M.  T.  Bogert. 
3    "The  Chlorides  of  the  Mononitroorthophthalic  Acids."    By  V.  J. 

Chambers. 

4.  "Reactions  with  Betasulphopropionic  Acid."  By  V.  J.  Cham- 
bers. 

5.  "  The  Synthesis  of  Methyl  Quinazolones."    By  H.  St.  J.  Hyde. 

6.  "An  Investigation  of  Metaminobenzonitrile."     By  H.  T.  Beans. 

7.  "  The  Synthesis  of  Ethyl  Dioxide."     By  Mr.  Beatty. 

Quantitative  Analysis  and  Assaying. — ^The  crowded  condition  of  the 
quantitative  and  assay  laboratories  is  worse  than  ever  before.  In  quan- 
titative, every  desk  is  taken  and  it  is  only  possible  to  do  any  thesis  work 
by  utilizing  the  rooms  of  the  instructors,  and  during  the  second  half  year 
a  portion  of  the  organic  laboratory.  In  assaying,  the  class  taking  the 
course  during  the  first  half  year  is  so  large  that  it  had  to  be  divided  into 
two  sections,  which  work  alternately.  This  has  made  it  necessary  to 
keep  the  laboratory  open  every  week  day  and  to  curtail  somewhat  the 
practical  work. 

The  large  section  of  mining  engineers  will  also  be  divided  for  their 
recitations  in  quantitative  analysis. 

The  changes  in  the  staff  have  been :  Mr.  Everett  J.  Hall,  formerly 
assistant  in  metallurgy,  appointed  to  the  recently  created  tutorship  in 
assaying. 

Mr.  J.  L.  Danziger  appointed  assistant  in  analytical  chemistry  (quanti- 
tative) in  place  of  Dr.  Alfred  Tingle  resigned. 

Of  those  who  received  doctors'  degrees  in  chemistry  last  year : 

Dr.  L.  A.  Youtz  is  now  professor  of  chemistry  at  Lawrence  University, 
Appleton,  Wisconsin. 

X>r.  F.  J.  Metzger  is  private  assistant  to  Professor  Chandler. 

Dr.  C.  J.  Prelzfeld  is  with  the  National  Electrolytic  Company  at 
Niagara  Falls. 


io6  THE   QUARTERLY. 

Of  the  researches  reported  in  progress  last  January,  tbe  followkig  have 
been  published  :  on  *'  The  Determination  of  Lead  in  Ores/'  by  Irving  C. 
Bull,  School  of  Mines  Quajiterly,  ftmtt  190a ;  '<  A  New  Separation  of 
Thorium  Irom  Cerium  Lanthanum  and  Didyminm  and  its  Ai^icatioA 
to  the  Aana  lysis  of  Monazite/'  by  F.  J.  Metzger,  /.  Am.  Chem,  S^c.^ 
Octpber,  1903 ;  on  <<  The  Determination  of  Sulphur  in  Coal/'  by  C. 
W.  Stoddft't,  Jr  Am,  Chem,Sod  Sept.,  1902;  ''The  Compositiop  of 
the  Ferroryanides  of  Zinc,"  by  £.  H.  Miller  and  J.  L.  Danciger,  J,  Am. 
Chem.  Soc.,  Sept  190s  ;  **  A  New  Qualitative  Test  for  Cobalt,  by  J.  L. 
Danziger,  /.  Am,  Chem.  Soc.^  June  1902  ;  and  Zeitschrift fur  anorgan 
ische  Ckemie^  Vol.  32,  p.  7S ;  on  <*  The  Composition  of  the  Ferrocyan- 
ides  of  Manganese/'  by  A.  E.  Dickie, y]  Am.  Chem.  Soc.^  Oct.,  1902; 
on  ''  The  Relation  of  the  Heat  of  Combustion  to  the  Specific  Gravity  in 
Fatty  Acids/'  by  H.  C.  Sherman  and  J.  F.  Snell,y.  Am,  Chem.  Soc,^ 
April,  1902. 

The  following  articles  will  soon  appear  in  \ht  Journal  of  the  American 
Chemical  Society :  '*  The  Determination  of  Sulphur  and  Phosphorus  in 
Organ  c  Materials,"  by  H.  C.  Sherman ;  on**  The  Composition  of  Cows' 
Milk,"  by  H.  C.  She>man 

The  number  of  undergraduate  students  in  analytical  chemistry  is 
larger  than  ever  before,  and  includes  many  new  men  from  institutions 
all  over  the  wor  d  who  enter  with  advanced  standing.  The  opening  of 
the  qualitative  and  quantitative  laboratories  in  the  summer  session  is  of 
great  assistance  to  these  men,  many  of  whom  are  behind  in  their  chem- 
istry, as  it  gives  an  opportunity  to  make  up  their  laboratory  work  without 
interfering  with  the  afternoon  work  of  the  regular  session. 

The  demands  for  our  graduates  continues  to  be  good — far  greater  than 
the  supply. 

The  Columbia  University  Chemical  Sooety. 

The  society  held  its  first  meeting,  for  the  present  year,  on  the  after- 
noon of  October  2Qth,  in  Havemeyer  Hall,  and  el  cted  the  fol'owing 
officers :  Honorary  President^  Prof.  C.  F.  Chandler ;  Honorary  Vice- 
President^  Prof.  C.  B.  Pellew ;  Prf.stdtnt^  Gail  Mersereau,  '03  S.;  Vire- 
President^  S.  Gaulbrandsen ,  '03  S.;  Secretary^  J.  E.  Goodell,  P.  G.; 
Treasurer^  G.  V  Williamson,  '03  S.;  Executive  Committee^  H.  T, 
Beans  P.  G  ,  C.  H.  Dempwolff,  '03  S.,  H.  N.  Cox,  '04  S.,  A.  W.  Hahn, 
'05  S.,  C.  G.  Fink,  '03  Columbia  College. 

A  committee  consisting  of  the  officers  of  the  society  was  appointed  to 
draw  up  a  new  constitution  and  present  it  at  the  next  regular  meeting, 
and  the  Executive  Committee  were  authorized  to  arrange,  at  an  early 
date,  for  a  dinner. 

DEPARTMENT  OF  MINING. 

The  summer  class  in  mining  was  held  in  June  and  July  in  the  silver- 
lead  mines  of  Park  C  ty,  Utah.  To  make  fina»  arrangements  before  the 
arrival  of  the  students,  Adjunct- Professor  Peele,  accompanied  by  Instructor 
Kurtz,  left  New  York  on  May  26th,  and  on  the  31st  reached  Park  City, 
where  they  were  joined  by  Mr.  J.  F.  McClel  and.  Mr.  McClelland,  who 
during  the  past  two  years  has  been  instru  tor  in  mining  at  the  University 
of  Wyoming,  and  has  also  been  engaged  in  field  work  in  California,  Wcs 


ALUMNI  AND    UNIVERSITY  NEWS.  107 

appointed  last  spring  lecturer  in  our  department.  He  took  charge  of  the 
min^  surveying  of  the  class,  while  Mr.  Kurtz  assisted  in  the  general  under* 
ground  and  sut  face  work 

On  June  5th  the  class  arrived  at  the  mines.  It  consisted  of  twenty* 
two  students,  viz.:  Messrs  Aplington,  Baldwin,  Bauchelle,  Brady,  Bowles, 
Cabot,  Caetani,  Constant,  Gunther,  W.  H.  Hendrirkson,  Holt,  Judd, 
Knoblauch,  W.  H.  Landers,  Law,  Lovejoy,  Morrell,  R.  T.  Pelton,  Still- 
well,  Shaw,  Schmidt  and  Wichman. 

The  usual  detail  work,  together  with  the  surv€%ing,  was  done  in  the 
well-known  Daly  West  silver  mine,  by  kind  permission  of  the  president 
of  the  company,  Mr.  J.  E  Bamberger.  This  work  occupied  about  four 
weeks,  after  which  visits  of  a  rouple  of  days  each  were  made  to  the  neigh- 
boring Ontario  and  Silver  King  mines.  Before  leaving  Park  City,  the 
class  also  vi>ited,  with  Mr.  Bradley  Stoughton,  the  Mafsac  lixiviatiou 
mill,  formerly  operated  by  the  Daly  Mming  Co 

The  Daly  West  mine  is  situated  two  miles  from  Park  City,  at  an  alti- 
tude of  8.000  feet  above  sea  level  and  over  1,200  «eet  higher  than  the 
town.  It  contains  two  lead -silver  veins :  a  contact  dipping  20^,  between 
limestone  and  quartzite,  and  a  so-cared  fissure  vein,  dipping  from  65^  to 
70°.  The  latter  appears  to  be  the  result  of  deposition  in  a  *ault  plane, 
since  the  limestone  has  been  thrown  downward  on  the  hanging  will  side 
a  vertical  distance  of  about  600  feet.  A  fault,  dipping  65^,  also  occurs 
in  the  contact  vein,  throwing  it  upward  s  me  70  feet.  Al  >ng  this  fault 
a  number  of  large  ore-bodies  have  been  found,  several  of  them  requiring 
square  set  timbering.  Generally,  where  undisturbed,  the  contact  vein 
ranges  from  4  to  8  feet  thick,  and  is  timbered  with  ordinary  stulls.  Ex- 
tending over  considerable  areas,  the  ore  of  the  contact  is  split  into  an 
upper  and  lower  floor,  separated  by  a  few  feet  of  barren  or  nearly  barren 
limestone,  sometimes  accompanied  by  strata  of  quartzite.  Passing  down 
through  the  limestone  into  the  main  or  Ontario  quartzite,  a  number  of 
small  fissures  are  found.  These,  though  nearly  normal  to  the  dip  of  the 
contact  are  called  "  verticals,"  and  at  their  intersection  with  the  contact, 
local  enrichment  of  the  ore  is  frequently  noted.  The  contact  vein  ap- 
pears to  be  a  remarkably  persistent  ore  carrier.  Its  apex  occurs  in  the 
Quincy  mine — recently  acquired  by  the  Daly  West  Company— ^ome 
1,500  feet  southeast  of  the  Daly  West  shaft,  and  it  is  probably  identical 
with  the  contact  which  has  been  extensively  and  very  successfully  de- 
veloped in  the  Silver  King  mine,  6,000  feet  to  the  noithwest.  In  the 
Daly  West  it  has,  thus  far,  been  the  sourte  of  the  greater  part  of  the  out- 
put and  now  contains  large  quantities  of  ore  opened  up  for  extraction. 

Hitherto  the  mine  has  been  worked  through  a  single  shaft,  with  «two 
hoisting  com()artments,  though  connection  is  about  to  be  made  with  the 
Quincy.  The  contact  vein  has  been  developed  from  the  900- foot  level  of 
the  shaft,  the  lower  levels  —  at  1200  and  1400  feet  —  being  on  the  fissure 
vein.  Though  the  bottom  of  the  shaft  is  at  the  1 4oo-foot  level,  another 
level,  1550  feet  deep,  has  been  opened  on  the  fissure  from  an  inclined 
winze.  At  the  i2oo-foot  level,  there  is  a  tunnel,  about  2^  miles  long, 
passing  through  the  workings  of  the  old  Daly  and  Ontario  mines  to  the 
railroad  station  in  Park  City.  This  tunnel  is  used  for  haulage  of  ore, 
concentrates,  coal  and  powder.  The  mill  concentrates  are  lowered  in 
cars,  or  shot  down  through  an  iron  pipe  to  the  tunnel  level,  whence  they 
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are  hauled  out  by  mules  in  trains  of  mine  cars.  Coal  and  powder  are 
brought  m  on  the  return  trips.  Without  rehandling,  the  cars  of  coal  are 
then  hoisted  in  the  shaft  and  dumped  into  the  bins  at  the  boiler  house. 
Formerly,  the  powder  was  stored  in  magazines  on  the  1200-foot  level,  but 
since  the  disastrous  explosion  in  July  last  it  is  hoisted  to  the  surface. 
All  the  first-class  ore  from  the  goo-foot  level  workings  is  shot  down  through 
a  rock  chute  close  to  the  shaft  to  the  i  aoo-foot  level,  and  is  hauled  out  with 
the  concentrates  to  the  railroad.  Only  the  mil!  ore  and  waste  is  hoisted  to 
the  surface.  The  mine  workings  proper  aggregate  a  number  of  miles  in 
length. 

The  ore  consists  mainly  of  galena,  blende,  pyrice  and  chalcopyrite,  with 
some  grey  copper  and  lead  carbonate,  the  latter  being  generally  found  on 
or  near  the  foot  wall  of  the  contact  vein.  Considerable  sorting  is  done 
underground,  producing  a  first-class  or  shipping  ore  containing  58  to  60 
ounces  silver,  20  to  25  per  cent,  lead,  2  to  2}i  per  cent,  copper,  18  to  19 
per  cent,  zinc  and  li.oo  gold. 

Situated  close  to  the  shaft  is  the  concentrating  mill,  which  contains 
crusher,  rolls,  trommels,  jigs,  Huntington  mills,  classifiers,  settlers,  Wilfley 
tables  and  slime  tanks.  It  treats  very  successfully  about  6,000  tons  of  ore 
per  month,  producing  1,400  to  1,500  tons  of  concentrates. 

The  visits  made  to  the  Silver  King  and  Ontario  mines  were  most  in- 
teresting ones.  At  the  first  mentioned  mine  we  found  an  unusually  fine 
surface  plant,  comprising  a  large  and  elaborate  automatic  sampling  works, 
a  concentrating  mill  and  a  Finlayson  wire-rope  tramway  for  conveying 
firit-class  ore  and  concentrates  down  to  the  railroad  station.  During  our 
visit  a  new  steel  gallov^-frame  was  being  erected  at  the  shaft.  At  the 
Ontario  some  time  was^pent  in  stud>ing  the  immense  Cornish  pumping 
plant  which  was  operated  about  13  years,  raising  at  times  as  much  as 
3,000  gallons  of  water  per  minute.  The  compound  driving  engine  is  still 
intact,  but  the  pumps  and  rods  have  been  taken  out.  All  of  the  machinery, 
however,  has  been  stored  in  such  a  way  on  the  surface  that  it  can  be 
studied  perhaps  to  better  advantage  than  if  it  were  in  operation.  Since 
the  completion  of  the  four-mile  Ontario  drainage  tunnel,  the  necessity  for 
this  great  pumping  plant  no  longer  exists.  It  is  hardly  nece^sar}*^  to  say 
that  the  extensive  underground  workings  of  these  two  mines  proved  to  be 
of  great  interest,  though  a  description  cannot  be  given  here. 

For  the  privileges  enjoyed  by  the  class  at  the  Park  City  mines  our 
heartiest  thanks  are  due  to  the  ofi^cers  of  the  several  companies,  but  chiefly 
to  the  Messrs  Bamberger  and  to  Messrs.  John  A.  Kirby,  supt.,  W.  F. 
Sherman,  mill  foreman,  John  Nimmo,  mine  foreman,  John  Thompson, 
master  mechanic,  M.  Hennessy,  shift  boss,  W.  T.  Humes,  steward,  and 
Fred.  McFadden,  clerk  of  the  Daly  West,  and  Messrs.  M.  J.  Daily  and 
Matthew  Connelly,  superintendents,  respectively,  of  the  Silver  King  and 
Ontario  mines.  From  all  we  received  a  most  cordial  welcome.  At  the 
Daly  West  we  were  practically  given  the  freedom  of  the  m  ne.  A  com- 
fortable <<  bunk  house,"  with  well-appointed  kitchen  and  dining-room, 
was  placed  at  the  disposal  of  the  class,  and  all  supplies  and  attendance 
were  furnished  at  cost. 

In  addition  to  the  regular  class,  a  number  of  students  made  independent 
trips  or  obtained  positions  at  various  mines,  in  fulfillment  of  the  summer 
school  requirements,  viz.:  W.  L.  Miller,  worked  eleven  weeks  in  the 
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Ontario  mine;  H.  B.  Jacobsen,  three  months  at  the  Atlantic  Copper 
mine,  Michigan ;  C.  W.  Macdougall,  three  months  at  the  Eustis  pyrite 
mine,  Canada;  F.  Rodriguez,  who  had  already  been  employed  several 
years  at  a  Mexican  mine,  studied  about  six  weeks  in  several  of  the  Lead- 
ville  and  other  Colorado  mines ;  J.  C.  Pickering,  worked  three  and  a 
half  months  at  the  Union  Copper  mine,  Gold  Hill,  North  Carolina;  A. 
E.  Ring  worked  and  studied  three  and  a  half  months  in  several  mines  in 
the  vicinity  of  Butte,  Montana. 

The  following  named  students,  having  held  positions  or  studied  in 
mines  else  ^h*  re,  were  excused  from  attendance  with  the  summer  class, 
viz.:  Messrs.  S.  Truax,  J.  F.  Hendrickson,  Jr.,  E.  N.  Skinner,  Sidney 
Bamberger,  W.  M.  Parkin  and  F.  W.  Watson.  R.  P. 

Gkological  Department. — Summer  Work. 

The  eastern  branch  of  the  summer  school  in  geology  was  held  this 
year  at  Hudson,  N.  Y.,  from  June  ad  to  9th.  It  has  alivays  been  the  en< 
deavor  of  this  branch  of  the  school  to  select  a  field  which  c  *mbines  good 
strarigraphical,  palseontological  and  structural  features.  It  was  con- 
duct^ last  year  by  Mr.  G.  Van  Ingen  at  Rondout,  N.  Y.,  where  these 
features  were  excellently  combined.  This  year  Becraft  Mt.,  near  Hudson, 
N.  Y.,  was  selected.  The  work  was  in  charge  of  Professor  J.  F.  Kemp 
and  Professor  A.  W.  Grabau,  assisted  by  Mr.  H.  W.  Shimer.  The 
mountain  is  about  two  miles  long,  a  mile  wide  and  four  to  five  hundred 
feet  high.  The  base  is  in  most  places  composed  of  the  so-called  Hudson 
River  shales,  which  Rudemann  has  shown  to  have  resulted  from  continue  us 
deposition  from  the  beginning  of  Trenton  up  to  and  including  the  Lor- 
raine. Resting  uncomformably  upon  this  and  sometimes  forming  the 
base  of  the  mountain,  but  usually  showing  as  a  vertical  cliff  some  distance 
up  the  sides,  is  the  Manlius  fTentaculite)  limestone.  It  is  easily  recog- 
nized by  its  finely  laminatea  character.  Leperditia  alta  is  especially 
abundant  in  its  upper  beds.  Resting  conformably  upon  this  is  the  Cot  y> 
mans'  limestone,  the  lowest  stratum  of  the  old  Lower  Helderbtrg  group. 
It  is  distinctly  crystalline  in  structure ;  this  together  with  the  restricted 
occurrence  here  of  Gypiduia  gaUatus  makes  its  recognition  easy.  The 
succeeding  stratum,  the  New  Scotland,  is  a  calcareous  shale  character- 
ized normally  by  Orthothetis  radiata^  Spirifer  tnacropUura  and  Spirifer 
perlamelhsa  ;  but  interesting  transition  beds  are  found  between  the  Coey- 
mans  and  New  Scotland.  Upon  this  rests  the  Becraft  limestone  which 
is  composed  almost  entirely  of  crinoid  joints.  Faunally  it  is  especially 
characterized  by  Gypiduia  pseudogaleatus  and  the  great  abundance  of 
Spirifer  concinna,  '  The  Kingston,  the  highest  member  of  the  old  Lower 
Helderberg  group,  succeeds  this.  It  is  rather  shaly  and  in  places  con- 
tains much  chert.  Chatetes  is  very  abundant  in  it.  Resting  upon  this 
is  the  Oriskany,  which  here  is  hard  limestone,  and  contains  the  charac- 
teristic Spirifer  arenosa  and  Spirifer  arrectus,  also  an  abundance  of  Di- 
aphorastoma  ventricosa.  Upon  this  rest  the  Esopus  shales  which  are 
broken  by  two  sets  of  cleavages  into  very  narrow  and  thin,  slate- pencil- 
like pieces  ;  while  the  Schoharie  lying  upon  this  cleaves  into  broad  thin 
plates.  Upon  these  shales  in  one  portion  of  the  mountain  rests  the 
Onondaga  limestone.  All  formations  from  the  Manlius  to  the  Onondaga 
succeed  each  other  conformably. 
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Theae  strata  form  a  syncline  with  a  gentle  dip  of  10^*15°  towards  the 
center  of  the  mountain.  The  structure  of  the  northern  portion  of  the 
mountain  is  very  simple;  the  bisin  begins  with  the  Manlius  on  each  side 
and  the  strata  follow  each  other,  with  tew  faults  to  obscure  the  perfect 
succession,  to  the  center  of  the  mountain  where  the  Schoharie  is  found. 
Ttie  southern  portion  however  is  much  mure  complex.  The  original 
simple  syncline  has  been  folded  and  faulted  to  such  a  degree  that  they 
remind  m<  of  the  Appalachian  structure. 

While  most  of  the  week  was  employed  on  Becraft  mountain  one  after- 
noon was  also  spent  in  mapping  oui crops  of  Hudson  River  shales  on  Mt. 
Merino.  On  Saturday  upon  the  invitation  of  Professor  J.  C.  S  nock,  late 
State  Geologist  ot  Ne^v  Jer>ey,  the  ptrtv  enjoyed  a  drive  to  Mt.  Bob,  a  few 
miles  north  of  Becraft.  It  is  only  half  a  mile  long  by  a  quarter  wide  so 
that  a  half  day  was  long  enough  to  make  cross-stctions  and  map  it.  The 
southern  portion  was  tound  to  be  a  synrline  with  the  Manlius  forming 
the  basin  and  only  Coeymans  resting  in  it.  The  northern  portion  had 
the  eastern  part  of  the  syncline  eroded,  leaving  an  eastward-dipping 
mo  ocline. 

The  significance  of  the  great  unconformity  at  the  base  of  the  Manlius 
was  especially  impressed  upon  the  students,  by  their  work  in  this  field. 
Much  attention  was  also  paid  to  the  physiography  of  the  region. 

Seventeen  students  attended  the  school,  making  with  the  instructors  a 
total  of  twenty.  Several  students  from  the  more  advanced  classes  in 
geology  undertook  a  careful  study  of  the  faunas  of  the  Helderberg  and 
Oriskany  beds,  devoting  all  their  time  to  careful  collecting  and  notation  of 
exact  horizons.  The  rest  of  the  class  was  divided  into  squads  of  two, 
and  each  pair  made  a  cross-section  of  the  mountain  and  mapped  a  tract 
areally.  Every  evening  a  ge  ^logical  conferen  e  was  held  at  which  each 
squad  made  a  report  up«>n  their  day's  work,  the  conclusions  they  had 
reached,  their  reasons  for  them,  and  the  diflficulttes  they  had  encountered. 
This  enabled  each  one  to  keep  in  touch  with  the  work  of  the  others., 

As  in  previous  years  each  bquad  will  prepare  a  full  report  with  maps, 
sections,  photographs,  et'\ 

The  class  ha«i  as  a  foundation  for  their  areal  work  a  carefully  prepared 
topographical  map,  made  for  Professor  Smock  and  kindly  put  at  the  dis- 
posal of  the  school.  This  map,  on  the  scale  of  seven  inches  to  the  mile 
and  with  ten-foot  contour  intervals,  enabled  detailed  and  accurate 
mapping. 

The  regular  work  of  the  second  session  in  field  geology  for  students  in 
the  School  of  Mines  was  conducted  last  year  at  Marquette,  Michigan,  by 
Professor  Grabau,  owing  to  the  illness  of  Professor  Kemp.  This  year  it 
was  given  by  Professor  Kemp  at  Bingham  Canyon,  Utah,  during  the 
week  beginning  July  'i3ih.  A  geologic  map  of  the  region  around  the  prin- 
cipal minrs  was  prepared  by  a  class  of  fifteen,  and  observations  were  also 
made  underground.  In  connection  with  this  each  pair  of  students  will 
make  a  petrographical  a  d  chemical  examination  of  the  different  rocks 
and  ores  found  in  the  field.  Every  c  urtesy  was  extended  to  t  e  party 
by  the  officials  of  the  United  States  Mining  Company,  where  head- 
quarters were  established,  and  by  others  in  the  camp. 

Professor  J.  F.  Kemp  left  immediately  after  commencement  for  Wyo- 
ming, and  passed  a  week  in  the  study  of  the  Rambler  copper  mine  and 
vicinity,  under  the  direction  of  Dr.  David  T.  Day  of  the  U.  S.  Geolog- 
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ical  Survey.  The  occurrence  of  the  platinum  group  of  metals  with  the 
co|.per  lends  special  interest  to  the  mine.  Subsequently  in  company 
with  Professor  Wilbur  C.  Knight,  of  the  Un  versiiy  of  Wyoming,  trips 
were  made  to  the  titaniferous  magnetite  at  Iron  Mountain  and  into  the 
Leucite  Hills.  Professors  Knight  and  Kemp  plan  a  joint  paper  upon  the 
latter,  many  new  data  havmg  been  accumulated  regarding  the  structural 
geology  of  the  Leucite  Hills.  At  the  close  of  the  second  session  in  field 
geology  Professor  Kemp  returned  east  to  Silver  Bay,  New  York,  where 
he  spent  the  remainder  of  the  summer  in  preparing  MSS.  for  a  folio  of 
the  U.  S.  Geological  Survey,  the  field  work  for  which  he  had  doue  dur- 
ing previous  summers. 

Dr.  A.  A.  Julien  spent  the  summer  at  Cape  Cod  in  the  continuation 
of  his  study  of  the  Cape  Cod  sands. 

Mr.  G.  S.  Finlay,  assistant  in  geology,  spent  most  of  the  summer  in 
working  up  the  chemistry  and  petrography  of  some  rocks  from  Mexico, 
the  areal  work  of  which  he  did  last  wmter.  He  also  wrote  up  the  Barre 
gra«  ite  of  Vermont  for  the  Vermont  State  survey. 

Professor  A.  W.  Grabau  and  Mr.  H.  W.  bhimer  went  to  Pittsburg  di- 
rectly after  commencement  to  attend  the  combined  meeting  of  the  Amer- 
can  Association  for  the  Advancement  of  Science  and  the  Geological 
Society  of  America,  and  especially  the  excursions  of  the  latter.  This 
Society  convened  one  week  earlier  than  the  American  Associ'ition  so  as  to 
enable  its  members  to  visit  the  classic  Carboniferous  localities  under  the 
able  leadership  of  State  Geologist  I.  C.  White,  of  West  Virginia.  This 
included  many  localities  in  western  Pennsylvania  and  northern  West  Vir- 
ginia. Pi-ofessor  Grabau  presented  two  pajiers  before  the  Society,  viz.: 
••Notes  on  Gastropods"  and  ^^ Spirtfer mucronatus zxt^  its  Derivatives." 
The  succeeding  half  month  was  spent  in  eastern  Pennsylvania,  western 
New  Jersey  and  southern  New  York  in  studying  especially  the  Cambro- 
Silurian  limestone  and  the  Lower  Helderberg  formation. 

Then  Professor  Grabau  left  for  Hudson,  New  York,  near  which  he 
worked  up  Becraft  mountain,  structurally  and  strai {graphically,  fur  the 
New  York  State  Survey.  From  here  he  wmt  to  Kingston,  New  York, 
where  he  made  some  exceed  ngly  important  discoveries.  Then  he  spent 
a  week  at  Buffalo  and  vicinity,  making  collections  from  different  local- 
ities. Another  week  was  spent  in  soutfieastern  Wisconsin  in  the  study  of 
the  Hamilton  and  the  coral  reefs  of  the  Niagara  formation.  From  here 
Professor  Grabau  went  to  Petoskey,  Mich  gan,  where  he  made  some 
additional  notes  on  the  Hamilton  formation  of  that  region.  One  week 
was  spent  in  company  with  State  Geologist  A.  C.  Lane,  of  Michigan,  and 
Mr.  B.  F.  Taylor  in  a  geological  exploration  of  the  Beaver  Is  and 
group.  Mr.  Taylor  located  the  Algonquin  and  Nipissing  Lake  beachesi 
Professor  Grabau  worked  up  the  stratigraphit  al  and  Dr.  Lane  the  eco* 
nomic  geology. 

Mr.  H.  W.  Shimer,  assistant  in  palaeontology,  after  separating  from 
Professor  Grabau,  went  to  tri-States,  New  York,  near  which  he  spent 
neaily  two  months  in  working  up  the  upper  Silurian  and  lower  Devonian 
rocks  structurally  and  stratigraphically.  Immediately  after  the  closing 
of  the  eastern  branch  of  the  summer  school  in  field  geology  he  worked 
at  the  i^tro^raphy  oi  some  dikes  for  the  Vermont  State  Survey. 

Mr.  D.  W.  Johnson,  fellow  in  geology,  spent  the  summer  in  working 
up  the  geology  of  the  Cerrilios  Mountains,  New  Mexico.    Special  attention 
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was  paid  o  the  intrusives  of  post-cretaceous  age,  and  their  effect  upon  the 
turquoise  deposit.  This  was  seen  well  in  the  mines  of  the  American 
Turquoise  Company.  1  he  relation  of  these  intrusives  to  the  anthracite 
coal  was  carefully  studied,  especially  in  the  mines  of  the  Colorado  Fuel 
and  Iron  Company. 

Mr.  Fred  Mofiit,  fellow  in  geology,  has  passed  the  last  four  summers 
in  assisting  Professor  T.  Nelson  Dale  in  the  slate  belt  of  New  York  and 
Vermont  for  the  United  States  Geological  Survey.  He  spent  most  of  the 
past  summer  in  finishing  the  work  in  Vermont,  and  the  remainder  of  the 
time  at  Slatington,  Pennsylvania.  Here  he  was  engaged  with  Professor 
Dale  in  mapping  the  slate  belt  for  the  U.  S.  Geological  Survey. 

H.  W.  Shimbr. 

DEPARTMENT  OF  METALLURGY. 

New  Officers. — Mr.  W.  A.  Bentley,  S.B.,  resigned  the  instructorship 
in  metallurgy,  July  i,  1902,  and  has  been  succeeded  by  Mr.  Bradley 
Stoughton,  Ph.B.y  Yale,  1893,  S.B.,  Mass.  Institute  of  Technology, 
1896. 

Mr.  Stoughton  has  had  several  years'  experience  in  conducting  the 
Bessemer  process,  and  is  favorably  known  as  a  metallurgist  and  an  ad- 
ministrator. 

Mr.  Hercules  W.  Geromanos,  S.6.,  has  been  appointed  tutor  in 
metallurgy. 

During  the  present  academic  year,  Professor  H.  O.  Hofman,  Professor 
of  Metallurgy  of  the  Massachusetts  Institute  of  Technology,  will  deliver 
the  lectures  in  the  course  on  the  metallurgy  of  copper. 

A  Full  Course  in  Analytical  Metallurgical  Laboratory  Work. — ^The 
most  important  work  of  the  year  has  been  the  development  of  an 
analytical  metalluri<ical  laboratory  course.  In  the  Columbia  University 
Quarterly  for  March,  1 901,  was  given  an  accotint  of  a  short  metallurgical 
laboratory  course  for  students  in  mining  engineering.  Since  that  ac* 
count  was  written  the  analytical  method  of  laboratory  teaching  has  been 
greatly  elaborated  in  the  department,  so  as  to  provide  nearly  a  hundred 
expenments  for  undergraduate  and  eveti  for  advanced  students  in  metal- 
lurgy. An  idea  of  what  has  been  done  may  be  got  from  the  following 
extracts  from  the  preface  of  Professor  Howe's  book  "  Metallurgical  Labo- 
ratory Notes,"  *  in  which  these  experiments  are  described  in  great  detail. 

"  Metallurgical  laboratory  instruction  of  the  established  type  reproduces 
the  industrial  metallurgical  processes,  each  as  a  whole,  and  with  such 
fidelity  to  actual  industrial  practice  as  is  attainable.  This,  which  we  may 
call  '  Applied  Metallurgy,'  seems  to  me  to  have  inherent  and  very  grave 
faults.  In  its  place  I  have  tried  to  work  out  a  system  of  what  we  may  call 
•  Theoretical  *  or  better  *  Analytical  Metallurgy,'  with  the  aim  of  teaching, 
not  individual  processes  each  as  a  whole,  but  the  individual  underlying 
principles,  each  by  itself.  This  I  have  tried  to  do  by  means  of  a  series 
of  distinct  experiments,  each  testing  one  or  more  of  these  principles. 

"This  little  book  represents  the  result  of  my  attempt,  which,  if  we 
leave  out  of  consideration  works  on  the  kindred  but  really  distinct  sub- 

*  Published  by  the  Boston  Testing  Laboratories,  446  Tremont  Street,  Boston,  Mass. 
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ject  of  assaying,  is,  so  far  as  I  know,  the  first  serious  and  systematic  at- 
tempt in  this  direction. 

"  I  have  endeavored  to  smooth  away  every  obstacle,  with  the  object  not 
of  saving  the  student  trouble,  bat  of  enabling  him  to  go  farther  with  a  given 
expenditure  of  energy,  and  of  permitting  me  to  divert  his  attention  from 
the  laborious  details  of  manipulation  to  the  unwelcome  task  of  thinking. 

''  A  word  as  to  the  relative  merits  of  the  applied  and  analyticil  systems 
of  teaching  metallurgy  in  the  laboratory  may  not  be  amiss  here. 

'*  If  the  aim  of  our  metallurgical  laboratory  study  is  to  anticipate  indus- 
trial pr<)ctice,  we  should  follow  the  applied  metallurgy  plan ;  if  its  aim  is 
to  teach  principles  rather  than  practice  we  should  follow  the  anal)tical 
plan.  It  seems  clear  on  general  grounds  that  instruction  in  gereral  should 
so  far  as  possible  deal  with  principles  rather  than  with  the  details  of  prac- 
tice. But  additional  reasons,  if  any  are  needed,  exist*  in  case  of  metal- 
lurgit  al  laboratory  instruction.  For  the  details  of  practice  are  learnt  in- 
evitably, spontaneously,  accurately,  and  with  the  greatest  ease  in  practice 
itself,  but  with  very  great  difficulty  and  distortion  in  the  laborat  Ty. 
Principles,  on  the  other  hand,  are  what  the  laboratory  teaches  most  readily 
and  perfectly,  and  practice  least  readily  and  most  imperfectly.  The  path 
of  least  resistance  then  is  to  study  principles  in  the  laboratory  and  the 
details    f  practice  in  practice  itself. 

***  *  *  the  metallurgist  has  to  practice  both  as  a  manufacturer,  and  as 
an  investigator  of  the  conditions  of  his  manufacture  and  of  the  qualities 
of  his  product.  The  two  functions  are  in  a  great  measure  distinct,  like 
walking  and  swimming.  In  the  manufacture  proper  great  accuracy  is 
rarely  appropriate ;  in  investigating  the  processes  and  products  of  the 
manufacture  the  greatest  accuracy  may  be  needed.  Now,  just  as.  the 
water  is  the  place  to  teach  swimming  and  the  land  to  teach  walking,  so 
the  industrial  establishment  is  the  place  to  teach  the  degree  of  accuracy 
appropriate  for  manufacture,  and  the  laboratory  to  teach  the  greater 
accuracy  which  these  investigations  will  need;  more  espt cially  because 
this  kind  of  accuracy  the  industrial  establishment  does  not  teach. 

"  While  I  hold  these  views,  yet  as  the  art  itself  of  teaching  must  be 
chiefly  empirical,  and  as  rhange*^  should  therefore  be  made  tentatively 
and  their  merit  tested,  [  have  elaborated  also  experiments  for  teaching 
certain  industrial  processes  in  the  older  or  applied  metallurgy  method,  so 
that  the  working  of  the  two  methods  may  be  compared. 

"  Another  and  important  work  of  the  metallurgical  laboratory  is  to 
give  a  cert  tin  skill  in  the  use  of  the  instruments  of  precision  of  the  art, 
in  pyrometr/,  caiorimetry  and  the  microscopy  of  metals  and  allo)S.  It 
seems  to  me  nearly  as  imperative  that  the  metallurgist's  diploma  to-day 
should  imply  this  skill  as  that  the  civil  engineer's  should  imply  skill  in 
the  use  of  the  transit." 

"  With  a  very  few  exceptions  all  the  experiments  in  this  work  have  been 
carried  out  eirher  in  the  rQetallurg:ical  laboratory  of  the  School  of  Mines 
of  Columbia  Uaiversity,  or  earlier  in  the  author's  private  laboratory,  and 
either  exactly  in  the  form  here  given,  or  in  a  form  of  which  the  present 
is  a  sli6;ht  modification,  and  it  is  hoped  an  improvement." 

"  While  most  of  these  experiments  are  brief,  yet  there  are  some  of 
which  each  is  sufficiently  extended  to  serve  as  ai  investigation  for  a 
graduation  thesis,  and  others  of  interinediate  length. 

VOL.    XXIV. — 8. 


114  THE   QUARTERLY. 

**  This  work  would  have  been  impossible  but  for  the  zealous  coopera- 
tion of  the  officers  and  students  of  the  School  of  Mines  of  Columbia  Uni- 
versity, on  whom  the  labor  of  the  actual  manipulations  has  fallen.  My 
heartiest  thanks  are  due  to  them,  and  especially  to  Messrs.  Bradley 
Stoughton  and  E.  J.  Hall,  whose  devotion  to  the  work  has  known  no 
boimds." 

''The  gas  furnaces  used,  in  addition  to  the  well  known  Fletcher  and 
Forquignon  fumaoes,  are  those  of  the  American  Gas  Furnace  Company. 
To  its  President.  Mr.  F.  J.  Reichelm,  thanks  are  due  for  the  great  pains 
which  he  has  taken  in  designing  special  furnaces  for  this  work." 

'The  experiments  of  Group  i  are  designed  especially  to  enable  a  few 
instructors  to  give  to  a  large  class  of  students  a  slight  smattering  of  metal- 
lurgical conditions.  To  this  end  it  is  arranged  that  the  students  work  in 
squads  each  under  a  captain  chosen  from  among  them  by  the  instructors ; 
and  the  directions  are  given  in  very  great  detail." 

The  Summer  School^  this  year,  studied  the  metallurgy  of  lead,  copper, 
gold  and  silver,  in  the  vicinity  of  Salt  Lake  City,  Utah,  and  the  metal- 
lurgy of  iron  and  steel  at  Phoenixville,  Pa.  At  the  latter  place  an  in- 
vestigation was  made  by  the  students,  under  the  direction  of  Mr.  Stough- 
ton, into  the  thermal  efficiency  of  an  open-hearth  steel  furnace. 

The  Summer  School  at  Utah  was  in  charge  of  Mr.  Stoughton,  assisted 
by  Prof.  R.  H.  Bradford,  of  the  University  of  Utah. 

Investigations  and  Publications, — ^Three  men  of  uncommon  powers 
have  been  studying  in  the  department  during  the  past  year.  Prof.  R.  H. 
Bradford,  of  the  University  of  Utah ;  Dr.  John  A.  Mathews,  Barnard 
Fellow  and  Carnegie  research  scholar  of  the  British  Iron  and  Steel  In- 
stitute, and  William  Campbell,  University  Fellow. 

The  following  publications  have  been  made  by  officers  and  students  in 
the  department : 
Professor  Howe : 

''L*Enseignement  du  Laboratoire  de  Metallurgie" — extract  from  La 
Revue  Internationale  de  P  Enseignement,  1 90 1 . 

"What  is  the  Essence  of  Crystalhood ? "  The  Metallographist,  V., 
January,  1902,  3. 

"  The  Freezing-Point  Curve  of  Binary  Alloys  of  Limited  Reciprocal 
Solubility  when  Molten."     The  Afetallographist^  V.,  April,  1902,  166. 

<<  Metallurgical  laboratories."  Science ^  N.  S.,  May  16,  1902,  XV.,  No. 
t8^,  pp.  761-766  (an  address  delivered  at  the  opening  of  the  Gay  ley 
Laboratory  of  Chemistry  and  Metallurgy,  at  Lafayette  College,  East  >n, 
Penn.). 

''  Metallurgical  Laboratory  Notes."    Boston  Testing  Laboratories,  Bos- 
ton, Mass.,  1902  (pp.  xiv,  140),  illustrated,  price  I2.50. 
Mr.  Stoughton : 

"The  Development  of  the  Bessemer  Process  for  Small  Charges." 
Trans,  Am,  Inst,  Mining  Engineers ,  Philadelphia  meeting,  May,  1902. 
Professor  Bradford : 

'  *  The  Reactions  of  the  Ziervogel  Process  and  their  Temperature  Limits. ' ' 
Trans,  Am,  Inst,  Mining  Engineers ^  Philadelphia  meeting,  May,  1902. 
William  Campbell : 

"  Crystallization  Produced  in  Solid  Metal  by  Pressure."  TTie  Metallo- 
graphist^  January,  1902,  V.,  57. 

**  The  Microscopical  Examination  of  the  Allo)S  of  Copper  and  Tin." 
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Institution  of  Mechanical  Engineers  (read  Dec.  20,  1901),  Appendix  to 
6th  Report  of  Alloys  Research  Committee.  Engineerings  Jan.  4,  1 1  and 
18,  1902,  LXXIIL,  abstracted  in  Nature ^  LXV.,  354. 

"  The  Microbcopi':al  Examination  of  the  Alloys  of  Copper  and  Tin." 
Rewritten  in  part  and  entirely  reillustrated.  The  Brass  Founder  and 
Finisher s  I-i  73-         * 

''The  Alloys  of  Aluminium"  (with  J.  A.  Mathews).  Jour,  Am.  Chem. 
Soc.y  XXIV.,  253. 

'*  Upon  the  Structure  of  Metals  and  Binary  Alloys."    Jiwr,  Franklin 
Inst,,  July-September,  1902. 
John  A.  Mathews : 

"The  Alloys  of  Aluminium"  (with  William  Campbell),  /our.  Am. 
Chem.  Soc,  XXIV.,  253. 

^'Alloys  as  Solutions."  Eng.  and  Mining  Journai^  Dec.  21  and  28, 
1 90 1,  LXXII. 

*' A  Comparative  Study  of  S>me  Low  Carbon  Steel  Alloys."  /our. 
Iron  and  Steel  Inst. y  1902,  I.,  182. 

"Upon  the  Constitution  of  Binary  Alloys."  /our.  Franklin  Inst.^ 
January-March,  1902. 

Honors^  etc. — Professor  Howe  has  been  elected  Honorary  Member  of 
the  Russian  Imperial  Technical  Institute  of  St.  Petersburg. 

At  the  Budapest  Congress  of  the  International  Association  for  Testing 
Materials,  in  September,  1901,  he  was  elected  President  of  the  most  im- 
portant section,  that  of  metals,  as  well  as  Honorary  Prtsident  of  the  whole 
Congress. 

He  delivered  an  address  at  the  opening  of  the  Gayley  Laboratory  of 
Chemistry  and  Metallurgy  at  Lafayette  College,  Easton,  Penn.,  April  5, 
1902. 

Professor  Bradford's  investigation  has  brought  him  the  degree  of  Ph.D. 
at  Columbia;  Dr.  Matthews'  has  brought  him  the  Carnegie  gold  medal 
of  the  British  Iron  and  Steel  Institute ;  Mr.  Campbell's  has  brought  him 
the  Carnegie  Research  Scholarship  of  the  British  Iron  and  Steel  Institute 
for  the  coming  year. 

Professor  Bradford's  very  important  work  was  made  possible  by  the 
appliances  for  very  precise  heating  which  have  been  developed  for  the  use 
of  the  department. 

New  Apparatus, — The  department  has  added  during  the  year  a  chlori- 
nation  barrel ;  six  amalgamating  pans ;  electrolytic  arrangements  for  the 
electrolysis  of  copper ;  a  set  of  rolls  driven  with  power,  for  investigating 
some  of  the  more  pressing  industrial  questions  connected  with  the  prop- 
erties of  steel ;  three  electric  and  two  gas  furnaces  with  special  appliances 
for  extreme  accuracy  of  temperature  control ;  a  small  reverberatory  fur- 
nace ;  and  a  large  number  of  Le  Chatelier  thermo-electric  pyrometers,  one 
of  which  is  fitted  with  a  new  autographic  attachment,  developed  in  this  lab- 
oratory by  William  Campbell,  Esq.  Hereafter  each  student  in  the  course 
of  metallurgical  engineering  will  have  the  exclusive  use  of  a  Le  Chatelier 
pyrometer  throughout  his  course.  This  step  has  been  found  desirable, 
because  almost  every  investigation  or  experiment  tried  is  the  better  for 
having  its  temperature  under  direct  control.  The  cupola  furnace  and  the 
English  cupelling  furnace  presented  by  Messrs.  Eraser  and  Chalmers 
have  been  placed  in  position  and  are  now  ready  for  use  for  the  smelting 
of  copper  ores,  etc.  H.  M.  H. 
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Tk^  Mineral  Industry;  Its  Statistics,  Technologj  and  Tnule  in  the 
United  States  and  other  Countries,  to  the  end  of  1901.  Vol.  X. 
The  Engineering  and  Mining  Journal  (Inc.)i  New  York  and  London, 
1902.     $5.00. 

This  well-known  annual  publication,  begun  ten  years  ago  by  the  late 
Richard  P.  Rothwell,  and  since  his  death  edited  by  Dr.  Joseph  Strutheis, 
has  made  a  permanent  place  for  itself  as  a  book  of  reference  among  all 
who  are  in  any  way  mterested  in  mining  and  mctallorgy.  In  value  and 
completeness,  the  present  volume  is  fully  equal  to  the  best  of  its  prede- 
cessois. 

The  work  begins  with  a  concise  statement — in  part  tabulated — of  the 
production  of  ores,  minerals  and  metals,  in  the  United  States  only,  the 
figures  being  given  in  parallel  columns  for  the  years  1900  and  1901.     In 
tMs  statistical  statement  of  quantities  and  values  a  clear  distinction  is 
made  between  <  Fiist  Products,"  "Secondary  Mineral   and  Chemical 
Products"  and  "Metals  Produced  in  the  United  States  from  Foreign 
Ores  and  Bullion,"  so  that  the  reader  is  not  confused  by  having  to  sepa- 
rate the  various  items  himself,  and  the  totals  are  presented  in  their  true 
proportions.     Following  this  introductory  chaffer,   the  minerals  and 
metals  are  taken  up  in  alphabe^cal  order,  the  information  given  under 
each  head  comprising  details  relating  to  the  world's  production,  modes 
of  occurrence,  places  of  production  and  uses  in  art  and  manufactures,  to- 
gether with  further  details  as  to  quantities  and  values.    Generally,  through- 
out these  resume,  comparative  tabulated  figures  are  given  for  the  five 
years,  189  7-1 901  inclusive,  or  1896-1900  inclusive,  thus  presenting  at  a 
glance  the  commercial  trend  of  each  branch  of  the  industry.     In  each 
chapter,  furthermore,  accounts  are  given  of  improvements  or  changes  in 
modes  and  processes  of  production.     Many  of  these  technologic^  ac- 
counts are  of  the  nature  of  monographs,  written  by  specialists,  whose 
reputation  in  their  several  lines  fur  ishes  a  sufficient  guarantee  as  to  accu- 
racy of  staeroent.     Among  the  m^  elaborate  of  these   papers  are: 
"  The  Manufacture  of  Coke  in  the  United  States,  with  Special  Refer- 
ence to  the  Markets  for  ByProducts,"  by  F.  Schniewind,  30  pp.,  illus 
trated;    **  Progress  in   Electro-Chemistrv  and    Electro-Meullurgy   in 
1901,"  by  John  B.  C.  Kershaw,  21  pp.  ;  *«  A  Review  of  Progress  in  the 
Cyanide  Process  in  1901,"  by  J.  S.  C.  Wells,  27  pp.;  *« Recent  Im- 
provements in  Lead  Smelting,"  by  H.  O.  Hofman,  so  pp. ;  «« Produc- 
tion of  Natural  Gas  in  the  United  States,"  by  W.  H.  Hammon,  18  pp. ; 
**  Progress  in  the  Sulphuric  Arid  Industry  during  1901,"  by  F.  J.  Fald- 
ing.  36  pp.,  illustrated  ;  and  "Progress  in  the  Metallurgy  of  Zinc  in 
1901,"  by  W.  R.  Ingalls,  26  pp  ,  illustrated. 

A  resume  of  the  business  done  during  the  past  year  in  the  leading  stock 

exchanges  of  the  United  States  and  Europe  is  given  on  pages  485  to  804. 

The  book  concludes  with  a  tabulated  statement,  occupying  80  pages, 

of  the  quantities  and  values  of  the  more  important  mineral  products  of 
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the  different  countries  of  the  world.  This  information  is  given  in  a  con- 
densed form,  rendering  it  most  convenient  for  reference,  and  evidently 
representing  a  vast  amount  of  labor. 

It  will  be  noted  that,  in  a  number  of  cases  throughout  the  work,  in 
treating  of  substances  produced  largely  in  foreign  countries,  the  figures 
of  production  are  not  brought  up  later  than  to  the  end  of  T900.  1'he 
reason  for  this  will  be  readily  appreciated  by  anyone  who  has  had  occa- 
sion to  investigate  such  statistics.  Accuracy  is  of  the  first  importance, 
and  great  difficulty  is  often  experienced  in  obtaining  promptly  reliable 
data  from  some  of  the  foreign  mining  districts.  Moreover,  where  the 
figures  given  are  not  based  upon  exact  and  authentic  information,  the 
items  are  marked  ''  estimated  "  in  footnotes. 

An  index  of  35  pages  is  not  the  least  valuable  feature  of  this  useful 
book,  the  prepai ation  of  which  reflects  great  credit  on  the  editor. 

R.  P. 

T/i^  Electro-piating  and  Electro-refining  of  Metals^  being  a  new  edi- 
tion of  Alexander  Watt's  **  Electro- Dqx)sition."  Revised  and  largely 
rewritten  by  Arnold  Philip,  Asso.  R.S.M.,  B.SC,  A.I.E.E.,  F.I.C. 
D.  Van  Nostrand  Company,  New  York ;  Crosby  Lock  wood  &  Son, 
London,  1902.     Pp.  678.     Price,  I4.50,  net. 

The  present  t>ook  on  Electro- plating  and  Refining  of  Metals  is  an  ex- 
tension of  the  well-known  work  of  Alexander  Watt  o  1  electro-plating. 
The  book  is  divided  into  two  parts  :  Part  L  on  Electro-plating  and  Part 
IL  on  Electro-metallurgy.  The  subject  of  Electro-platiiig  is  one  in 
which  comparatively  little  -  trustworth)  information  can  be  obtained,  per- 
haps because  it  is  one  of  the  branches  of  electro-chemistry  which  has  had 
so  little  development  within  recent  years,  therefore  any  work  which  aims 
at  bringing  this  subject  more  up  to  date  is  to  be  commended. 

The  subject  matter  in  Part  L  begins  with  a  description  of  sources  of 
electric  energy,  both  primary  and  secondary  batteries  being  considered, 
and  then  takes  up  thermopiles  in  some  detail,  following  with  information 
on  dynamos  and  dynamo  tending ;  the  mam  subject  of  plating  is  then 
entered  upon  and  the  metals  considered  in  detail  and  this  portion  seems 
to  be  much  the  same  as  in  the  Watt  edition  of  1889,  and  is  perhaps  the 
best  thing  we  have  on  the  subject. 

Some  newer  processes  are  taken  up  in  Apendix  IL  of  this  part,  such  as 
the  Cowles  process  for  electro-plating,  parabolic  mirrors  for  searchlights, 
etc.  Part  IL  on  electro  metallurgy  enters  on  a  description  of  copper 
refining  by  electricity,  four  chapters  being  devoted  to  this  most  important 
branch  of  electro-chemistry.  Then  follows  some  of  the  newer  industries 
such  as  the  electrolytic  refining  of  gold  and  silver  bullion,  the  recovery 
of  tin  from  scrap,  the  electrolytic  refining  of  lead,  electro-galvanizing 
and  the  extraction  of  aluminum. 

These  processes  are  all  described  in  some  detail  and  in  many  cases  the 
question  of  cost  is  entered  into.  A  number  of  useful  tables  are  to  be  found 
at  the  end  of  the  book,  together  with  a  name  and  subject  index. 

S.  A.  Tucker. 
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ON  THE  USE  OF  INFLUENCE   LINES  IN 

GRAPHIC   STATICS. 


By  MYRON  S.  FALK. 

An  influence  line  is  a  line  showing  the  variation  in  any  function 
at  any  section  of  a  beam  or  in  any  member  of  a  truss  caused  by 
any  load  moving  across  such  beam  or  truss.  It  is  clear  that  such 
a  line  can  be  used  to  indicate  the  position  of  the  moving  load 
causing  the  maximum  shears,  moments,  reactions,  or  stresses  in  a 
truss,  and  it  is  for  the  purpose  of  indicating  and  obtaining  such 
maxima  that  influence  lines  are  used. 

Art.  I.    Influence  Line  for  Reaction. 

A  reaction  influence  line  is  a  line  showing  the  variation  of  the 
reaction  of  a  beam  under  a  crossing  load.  If  AB  (Fig.  i)  represents 
a  simple  non-continuous  beam, 
of  length  /,  and  P^  a  load  mov- 
ing over  the  beam  from  right  to 
left,  its  distance  at  any  instant 
from  the  right  abutment  being 
represented  by  x,  the  reaction  R 
at  the  left  will  be  given  by  the 
following  equation,  which  is  the 
equation  of  a  straight  line, 

VOL.    XXIV.  =^9. 


Fig.  I. 


P,x 
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If  a  line,  KL,  parallel  to  the  beam  and  of  equal  length,  be  laid 
off  below  the  beam  and  an  ordinate  be  erected  at  the  left-hand  end 
representing  to  scale  the  load  P^  a  line,  J/Z,  connecting  the  end  of 
this  ordinate  with  the  opposite  end  of  the  base  line  will  be  a  line 
expressing  Eq.  i  graphically.  If  the  load  be  at  the  distance  x  from 
B  and  an  ordinate  CD  be  erected  immediately  below  this  point,  the 
triangles  CDL  and  MKL  will  be  similar,  and,  therefore, 

CD      MK      ^^      P,x 

dl^Kl""'^^^-!- 

This  equation  shows  that  an  ordinate  between  the  line  ML  and 
KL  will  represent  the  reaction  at  the  left-hand  end  of  the  beam  for 
the  load  P^  placed  at  a  point  immediately  over  the  ordinate ;  there- 
fore, the  line  ML  is  an  influence  line  for  reaction,  since  it  shows 
the  variation  of  the  reaction  as  the  load  P.  crosses  the  beam. 

The  influence  line  thus  constructed  for  a  load  /\,  may  be  used 
for  any  other  load  Q,  it  being  necessary,  however,  to  multiply  the 
value  of  any  ordinate  drawn  for  P^  by  the  ratio  of  <2/^,-  This 
applies  to  any  influence  line  which  may  hereafter  be  constructed. 


Art.  2.     Influence  Line  for  Shear. 

An  influence  line  representing  the  variation  of  shear  at  any  sec- 
tion, CD,  in  a  beam  (Fig.  2)  as  a  load  crosses  the  beam  is  derived  in  a 

similar  manner.  As  a  load  P^ 
advances  towards  the  section, 
the  shear  at  any  instant  will  be 
equal  to  the  reaction  R,  or  P^xjl, 
and,  as  before,  may  be  repre- 
sented graphically  by  the  line 
LM, 

After  passing  the  section, 
however,  the  shear  becomes 
equal  to  the  reaction  R  minus 
Pj,  and  is,  therefore,  a  negative 
quantity.  To  represent  this 
graphically,  ordinates  of  a  value  P^  must  be  drawn  downwards 
from  the  line  OM,  and  the  locus  of  the  ends  of  these  ordinates 
will  be  the  line  KQ  parallel  to  the  line  LOM,  The  line  LOQK 
will  then  represent  the  variation  of  the  shear  at  the  section  CD 


Fig.  2. 
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as  the  load  P^  crpsses  the  beam,  the  shear  being  positive  and 
of  an  increasing  positive  value  as  the  load  advances  towards  the 
section,  and  negative  and  of  a  decreasing  negative  value  as  the 
load  leaves  the  section.  It  is  seen  that  the  maximum  positive 
shear  is  found  when  the  load  is  just  to  the  right  of  the  sec- 
tion in  question.  In  practice,  the  load  is  always  placed  at  the 
section. 

If  two  equal  loads,  /\,  separated  by  a  fixed  distance  a,  be  em- 
ployed, the  maximum  shear  ^11  be  found  when  the  first  load  is 
just  at  the  section,  and  the  value  of  the  shear  will  be  the  sum  of 
the  ordinates  erected  below  the  two  wheel  loads. 

If  two  unequal  loads,  P^  and  P^,  separated  by  a  fixed  distance  a, 
be  employed,  maximum  values  of  the  shear  will  be  found  when 
either  load  is  just  at  the  section.  If  the  influence  line  be  drawn 
for  a  load  P^,  then,  for  the  load  P^  placed  at  the  section,  both  loads 
P^  and  P^  being  on  the  beam,  the  shear  will  be  represented  by  the 
algebraic  sum  of  the  product  of  the  ordinate  corresponding  to  P 
by  the  ratio  of  P^  to  P,.  and  of  the  product  of  the  ordinate  corre- 
sponding to  P,  by  the  ratio  of  P^  to  P^. 

If  the  loading  advances  to  the  left  to  such  a  position  that  the 
load  P^  is  just  at  the  section,  the  shear  will  be  represented  by  the 
algebraic  sum  of  corresponding  products.  Trial  alone  determines 
which  position  causes  the  greater  maximum  shear  at  the  section ; 
the  second  position  of  the  loading  will  usually  give  the  greater 
maximum  shear,  if  P^  be  small  compared  with  P^,  if  the  distance 
a  be  large,  or  if  the  section  CD  be  near  the  left  abutment. 

This  construction  can  be  used  in  the  finding  of  the  maximum 
shear  at  any  section  of  a  beam  when  a  series  of  concentrated  loads 
separated  by  fixed  distances,  as  in  the  case  of  a  locomotive,  is 
used.     The  operation  in  such  a  case  is  as  follows : 

A  unit  influence  line  having  been  drawn,  the  algebraic  sums  of 
the  products  of  ordinates  erected  under  the  various  wheel  loads  by 
the  actual  weight  of  each  load,  must  be  compared  for  positions 
of  the  loading  when  diflerent  wheel  loads  are  just  at  the  sec- 
tion in  question;  the  values  of  the  quantities  so  found  will  indi- 
cate not  only  the  position  of  the  loading  for  maximum  shear, 
but  will  give  the  value  of  the  shear.  This  operation  is  not  as 
tedious  as  it  may  at  first  appear,  since  it  is  evident  that  the  greatest 
maximum  shear  usually  occurs  with  the  head  of  the  locomotive 
near  the  section.     Attention  is  called  to  the  fact  that  should  the 
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loading^  advance  so  much  to  the  left  that  new  loads  appear  upon 
the  span  at  the  right,  such  new  loads  must  not  be  neglected. 


Art.  3.    Influence  Line  for  the  Reactions  of  a  Series  of 

Concentrated  Loads. 

The  influence  lines  so  far  considered  have  involved  in  their  con- 
struction the  use  of  only  one  load ;  and  the  use  of  such  lines,  in 
the  case  of  more  than  one  load,  has  required  the  use  of  arithmetical 
calculations.  There  will  now  be  considered  the  construction  of  a 
line  such  that  the  variation  of  the  reaction  of  a  beam,  as  well  as 
the  reaction  itself,  when  a  series  of  concentrated  wheel  loads  passes 
over  the  beam,  may  be  measured  directly  from  the  drawing. 

In  order  to  simplify  the  explanation,  only  three  loads, -P^,  P^  and 
P,,  separated  by  the  fixed  distances  a  and  b,  will  be  used,  but  the 


Fig.  3. 

construction  can  be  applied  with  ease  to  any  number  of  loads.. 
Let  the  positions  of  the  loads  be  shown  in  Fig.  3,  x  representing 
the  distance  of  P^  from  the  right  abutment.  Taking  moments 
about  the  right  abutment,  there  will  be  obtained : 


^  =  /-[^i(^  +  b  +  x)^  Plb  +  x)+PA' 
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As  before,  let  KL  represent  the  base  line  equal  in  length  to  the 
span,  and  let  AiJf  represent  to  scale  the  loads  P^,  P^,  P,,  laid  off 
upwards  from  K  and  in  consecutive  order.  From  L  lay  off  to  the 
left,  in  consecutive  order  and  to  proper  scale,  the  distances  a,  b 
and  X,  Draw  the  lines  ML^  NL  and  OL.  At  R  erect  an  ordinate 
RU\,o  the  line  LO.  From  U  draw  a  line  UV  parallel  to  NL  to 
the  intersection  with  an  ordinate  erected  from  5.  From  Fdraw  a 
line  VW  parallel  to  LM  to  the  intersection  with  an  ordinate  erected 
from  T.  Then  JV7  will  represent  the  reaction  at  the  left  end  of  the 
beam  for  the  positions  of  the  loads  as  shown.  For  WT  is  composed 
of  the  three  parts,  TY^  YX  and  XW^  found  by  continuing  LU 
and  UV  to  intersect  WT.  By  construction,  the  triangles  OKL 
and  YTL  are  similar.     Therefore, 

YT      OK 


TL       KL 

ft 

Substituting  the  values  of  those  quantities  which  are  known,  it  is 
found  that 

I 

The  triangles  NOL  and  Xil/ane  also  similar  by  construction; 

therefore, 

XY_  NO 

TR  ~  KL- 

Again,  substituting  the  values  of  those  quantities  which  are 
known. 

By  construction,  the  triangles  MNL  and  WXVaxt  also  similar. 

Therefore, 

WX     MN       ,^^^     P^x 

By  summation, 

YT  +  XY+  WX=-^  [P,{a  +  b  +  x)  +  P,{b  +  x)  +  />■] . 

or  the  reaction  at  the  left-hand  end  of  the  span,  as  already  shown 
by  Eq.  (I). 
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The  loads  may  move  any  distance  x  upon  the  bridge.  This  in- 
volves no  change  in  the  figure  as  drawn.  To  find  the  reaction  for 
such  a  change  in  the  position  of  the  loading,  an  ordinate  must  be 
erected  at  a  distance  from  the  left  end  of  b  equal  to  the  new  dis- 
tance x;  the  intercept  on  this  new  ordinate  between  KL  and  tlu  line 
VW continued  will  give  the  neiv  reaction.  The  line  LUVW  is  thus 
an  influence  line  for  reactions,  since  it  shows  the  variation  in  the 
reaction  as  the  loads  P^^  P^  and  P^  move  across  the  bridge.  Thus 
the  ordinate  immediately  below  P^  represents  the  reaction  for  that 
position  of  the  loading. 

In  using  a  uniform  load  in  this  form  of  construction,  the  uniform 
load  should  be  treated  as  a  series  of  concentrated  loads  spaced  as 
closely  together  as  the  accuracy  of  the  problem  may  demand. 

Art.  4.    Influence  Line  for  Maximum  Shear,  for  a 
Series  of  Concentrated  Loads. 

It  can  now  be  shown  that  the  line  constructed  in  the  manner 
described  in  the  preceding  article,  can  also  be  used  as  an  influence 
line  to  find  the  maximum  shear  at  any  section  of  a  beam.  Let 
CD^  Fig.  3,  be  the  section  of  the  beam  under  consideration.  If  P 
or  the  first  wheel  load,  is  just  at  this  section,  the  shear  is  equal  to 
the  reaction  due  to  the  loads  on  the  beam  or  to  S'  V ,  If  the  load- 
ing advances  till  P^  is  just  at  the  section,  the  shear  at  the  section 
becomes  equal  to  the  reaction,  shown  by  the  ordinate  W2  —  P^, 
P^  can  therefore  be  laid  oflf  downwards  from  W  ^,%  WZ,  The  shear 
is  then  represented  by  TZ,  If  the  line  K'Z  slopes  downward  to 
the  left,  it  is  evident  that  the  shear  with  wheel  load  /\  at  the  sec- 
tion is  the  greater  ;  if  the  line  slopes  upward  to  the  left,  it  is  evident 
that  the  shear  is  greater  with  the  wheel  load  P^  at  the  section. 
Should  P  %\w^  a  greater  shear,  it  is  a  simple  matter  to  test  for 
wheel  load  P^  at  the  section,  or  in  actual  practice,  any  number  of 
wheel  concentrations,  as  in  the  case  of  a  locomotive.  The  line 
LUVZ  -is  evidently  an  influence  line  for  shear  at  the  section 
CD, 

Art.  5.     Maximum  Moments  in  a  Beam. 

It  may  be  advisable  to  explain,  at  this  time,  that  the  influence 
line  for  reactions,  as  described  in  the  preceding  article,  is  also  a 
funicular  polygon  for  which  the  pole  distance  is  the  perpendicular 
distance  between  the  pole  L  and  the  line  MK,     This  polygon  differs 
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from  the  ordinary  funicular  polygon,  however,  in  that  the  various 
loads  and  distances  are  laid  off  in  order  exactly  reverse  to  the  usual 
procedure ;  that  is,  the  loads  are  laid  off  upwards  beginning  with 
P^,  and  the  distances  a,  d,  etc.,  are  laid  off  from  right  to  left  begin- 
ning at  the  right  with  a ;  this  brings  the  head  of  the  moving  load 
to  the  right,  whereas  in  preceding  uses  of  the  figure  the  head  of 
the  moving  load  has  always  been  at  the  left.  The  meaning  of  this 
construction  should  be  carefully  noted. 

In  finding  the  maximum  moments  in  a  beam,  it  will  be  assumed 
that  the  reader  is  familiar  with  the  use  of  a  funicular  polygon  as  a 
moment  polygon  in  the  case  of  parallel  forces  and  also  with  the  use 
of  the  criterion  employed  in  finding  the  position  of  a  moving  load 
to  give  the  greatest  bending  at  any  section  of  a  beam.  If  /  repre- 
sents the  length  of  the  beam,  /'  the  distance  of  the  section  under 
consideration  from  the  left  abutment,  IV  all  the  loads  on  the  bridge 
and.  W  the  loads  to  the  left  of  the  section,  then,  for  maximum 

bending  in  the  section  : 

/'_  IV' 

I  "  W' 

In  order  that  the  condition  of  equilibrium  expressed  by  this 
equation  may  hold,  it  will  usually  be  found  necessary  to  place  a 
load  directly  at  the  section,  since  then  any  portion  of  this  load  may 
be  considered  to  be  on  either  side  of  the  section.  This  criterion 
may  be  used  in  a  very  simple  manner  in  graphic  construction. 

In  Fig.  3  draw  LE  equal  to  P^  vertically  above  L ;  from  E  draw 
a  horizontal  line  until  it  meets  at  F  an  ordinate  drawn  vertically 
from  R.  Lay  off  FG  from  /^  equal  to  P^ ;  from  G  draw  a  horizon- 
tal line  Gf/f  etc.;  follow  this  same  form  of  construction  for  the 
remainder  of  the  loads.  The  result  will  give  the  stepped  diagram 
LEFGH  •'  representing  graphically  the  summation  ot  all  the 
loads,  and  also  of  all  the  distances  from  the  head  of  the  moving 
load  to  any  other  point  in  the  moving  load. 

In  the  case  in  hand  it  is  desired  to  find  the  position  of  the  mov- 
ing load  to  cause  the  maximum  bending  moment  at  the  section 
CD  distant  m  from  the  left  abutment.  Take  a  strip  of  paper  and 
lay  off  on  its  edge  to  scale  the  length  of  the  beam  /  and  from  the 
right'fiand  edge  of  /  lay  off  m.  It  is  important  to  notice  that 
although  the  section  is  distant  m  from  the  left  abutment,  the 
distance   m   must    be    measured    from   the   right-hand   side   on 
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the  funicular  diagram,  since  this  polygon  is  in  a  position 
reverse  to  the  usual.  Move  the  strip  of  paper  until  the  load 
P^  or  FG  is  over  the  section  under  consideration.  If  this  position 
then  gives  a  maximum  bending  moment,  the  condition  of  the 
criterion  should  be  fulfilled.  Erect  vertical  ordinates  at  the  ends 
of  the  beam  and  at  the  section  until  these  ordinates  intersect  the 
stepped  diagram  at  A\  B*  ^xidi  J.  Draw  a  line  from  A'toB'; 
if  the  line  A  'B'  passes  through  the  step  of  the  diagram  represent- 
ing the  load  situated  at  the  section  the  criterion  will  be  fulfilled 
and  this  position  of  the  loading  will  cause  maximum  bending.  For 
in  the  similar  triangles  RJA'  zxi^L  B''B'A\ 

^-^  -  ^^'  •  that  is  ^' - '' 


B"B'      A'B"'  IV       I 

Should  the  line  A'B*  not  pass  through  the  step  GF  the  stirip  of 
paper  must  be  moved  until  another  load  is  brought  to  the  section 
and  the  construction  above  described  must  be  repeated. 

If,  as  in  the  present  case,  the  conditions  of  the  criterion  are  ful- 
filled, the  bending  moment  can  be  immediately  obtained.  Erect 
vertical  ordinates  upon  the  ends  of  the  beam  until  they  intersect 
the  influence  line  at  -5'"  and  A',  Connect  these  points  of  intersec- 
tion. As  in  the  usual  construction  the  value  of  the  vertical  intercept 
between  this  line  B'"A'  and  the  influence  line,  when  multiplied  by 
the  pole  distance,  will  give  the  bending  moment  at  any  section. 
In  this  way  this  one  diagram  can  be  made  to  serve  in  finding  both 
maximum  shears  and  maximum  bending  moments  in  a  beam. 

In  actual  practice  it  may  be  found  advisable  in  constructing  the 
influence  line  to  take  as  a  pole  distance  not  the  entire  length  of  the 
beam,  but  only  some  fractional  part  of  it.  This  will  cause  the  in- 
fluence line  to  have  a  steeper  inclination  and  will  tend  to  make 
more  accurate  the  measurement  of  all  vertical  heights ;  evidently 
these  will  all  be  increased  in  the  same  ratio.  Care  must  be  taken 
in  such  a  case  to  give  to  all  ordinates  whether  for  shear  or  bending 
moment,  their  proper  values. 

Art.  6.     Maximum  Stresses  in  the  Web  Members  of  a 

Truss  with  Parallel  Chords. 

It  will  be  assumed  that  the  following  principle  is  familiar  to  the 
reader :  the  stress  in  any  web  member  of  a  truss  having  parallel 
chords  is  equal  to  the  shear  in  the  panel  multiplied  by  the  secant 
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of  the  angle  which  the  member  makes  with  a  vertical.'  If  the  shear 
is  known,  the  stress  can  be  found  very  simply  by  a  graphical  con- 
struction. Let  the  vertical  side  of  a  right-angled  triangle  represent  to 
scale  the  shear,  and  let  the  hypothenuse  make  an  angle  with  this  line 
equal  to  the  inclination  of  the  web  member  with  a  vertical.  Then 
the  hypothenuse  will  represent  to  scale  the  stress  in  the  member. 

Therefore,  in  order  to  find  the  maximum  stress  in  a  web  mem- 
ber, it  will  be  necessary  to  find  the  maximum  shear  in  the  panel 
in  which  the  member  is  situated,  and  this  shear  will  be  found 
graphically  by  means  of  an  influence  line  differing  but  slightly 
from  the  influence  line  for  maximum  shears  in  a  beam.  The 
change  involved  arises  from  the  fact  that  the  loading  in  the  present 
case  is  applied  at  the  panel-points  of  the  chord ;  it  is  seen  that  this 
application  of  the  load  affects  only  the  panel  under  consideration, 
for,  in  the  other  panels,  the  loads,  whether  considered  as  they 
stand  or  as  if  concentrated  at  the  panel-points,  cannot  influence 
the  shear  in  the  panel  under  consideration. 

The  shear  in  any  panel  is  constant  between  panel-points,  and  is 
equal  to  the  reaction  at  the  left-hand  end  of  the  truss  minus  all 
the  loads  which  may  be  situated  in  the  panels  to  the  left  of  the 
panel  under  consideration,  and  minus  that  portion  of  the  loading 
situated  in  the  panel  itself,  and  which  is  transferred  to  its  left-hand 
end.  It  is  evident  then  that  for  maximum  shear,  no  load  should 
pass  the  panel  itself.  There  only  remains  to  be  considered  the  dis- 
tance which  the  locomotive  must  advance  on  the  panel  in  question. 

As  an  illustration,  the  maximum  stresses  in  some  of  the  web 
members  of  an  8-panel,  208-ft.  Pratt  truss  will  be  determined, 
using  as  the  loading  the  locomotive  concentrations  designated  in 
Cooper's  specifications  as  E  40. 

Let  AB,  Fig.  4,  represent  the  truss  under  consideration.  Draw 
the  base  line  AX  equal  in  length  to  the  total  length  of  the  truss ; 
beginning  at  L,  and  with  wheel  i,  lay  off  on  KL  and  towards  the 
left  to  scale,  the  distances  between  the  various  wheel  loads,  and 
erect  vertical  ordinates  at  the  points  thus  found.  It  should  be  noted 
that  the  uniform  load  is  treated  as  a  series  of  concentrated  loads, 
each  concentration  representing  ten  feet  of  uniform  load.  At  AT 
erect  the  vertical  KAI,  and  lay  off  on  KAf  upwards  to  scale  the 
amounts  of  the  loads,  beginning  at  A",  with  wheel  i.  Connect  the 
points  thus  found  with  L,  \vhich  becomes  the  pole  of  the  funicular 
polygon,  and  by  the  aid  of  these  lines  draw  the  funicular  polygon 
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LD"  •  "  N.  As  already  demonstrated,  this  is  an  influence  line  for 
reactions  and  for  shears  for  a  beam  with  the  span  KL, 

In  order  to  use  this  line  in  the  present  case,  it  will  be  necessary 
to  find  the  reactions  at  the  left-hand  end  of  any  panel  when  loads 
are  found  within  such  panel.  For  this  purpose,  a  similar  influence 
line  must  be  drawn,  using  in  this  case,  however,  the  panel  length 
as  the  length  of  span.  This  second  influence  line  is  shown  in  the 
left-hand  corner  of  the  figure  as  RE]  in  this  case  R  is  the  pole. 

In  order  to  find  the  maximum  stress  in  any  member,  such  as 
^-4,  for  example,  it  will  be  necessary  to  find  the  maximum  shear  in 
the  panel  3-4;  the  two  influence  lines  already  constructed  are 
then  to  be  combined  for  this  purpose.  From  panel  point  4  let  fall  a 
vertical  ordinate  upon  the  line  LD"  • . .  iV;  the  point  of  intersection 
falls  at  Gf  and  GH  represents  the  shear  at  the  panel  point  4,  and 
also  in  the  panel  when  wheel  load  i  is  at  this  point.  If  the  load 
advances  so  that  wheel  load  2  is  at  this  panel  point,  the  shear  can- 
not be  measured  directly  from  the  original  influence  line  LD"  --  -N 
with  its  value  diminished  by  wheel  load  i ;  the  shear  is  now  dimin- 
ished only  by  that  portion  of  the  wheel  load  i  which  is  carried  to 
panel  point  3.  The  value  of  this  portion  is  known  from  the  line 
RE,  and  its  position  relative  to  the  panel  point  4  is  also  known. 
Therefore,  this  value  is  drawn  at  the  proper  point  as  a  negative 
ordinate  from  the  line  LD'^  •  --N. 

This  same  construction  is  followed  for  other  positions  of  the 
loading,  such  that  other  drivers  come  at  panel  point  4.  The  final 
resulting  Ime  is  GSU,  and  ordinates  between  the  base  line  KL,  and 
GS[/ v/iW  then  show  the  shear  in  the  panel,  as  the  loading  advances 
toward  the  left.  By  inspection  it  is  then  seen  that  the  maximum 
shear  is  TS ;  by  employing  the  construction  noted  in  the  beginning 
of  this  article,  the  line  5t/will  represent  to  scale  the  stress  in  6-4. 
The  stress  in  the  vertical  ^-3  is  found  at  the  same  time  and  is  equal 
to  the  maximum  shear  in  the  panel  or  TS. 

A  similar  method  of  procedure  is  followed  in  the  case  of  all  the 
other  web  members,  including  as  such  also  the  end  post.  The 
operation  is  performed  very  expeditiously  since  the  same  load  is 
treated  at  one  time  in  all  the  panels.  By  this  means  the  counter 
stresses  in  the  members  are  found  at  once,  for  the  stresses  in  those 
members  situated  to  the  right  of  the  center  of  the  truss,  indicate 
the  maximum  compression  which  can  exist  in  the  corresponding 
members  to  the  left  of  the  center;   simply  for  convenience,  the 
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stresses  for  these  members  have  been  drawn  as  sloping  to  the  right 
instead  of  to  the  left. 

The  dead  load  stresses  can  be  foui)d  as  in  the  usual  manner  by 
a  force  polygon,  or  by  representing  the  shears  in  the  truss  by  a 
stepped  diagram,  and  again  making  use  of  the  construction  noted 
above. 

Art.  7.   Maximum  Stresses  in  the  Chord  Members  of  Truss 

WITH  Parallel  Chords. 

In  order  to  find  the  maximum  stresses  in  the  chord  members  of 
a  truss  with  parallel  chords,  the  principle  of  sections  will  be  em- 
ployed, with  the  use  of  which  it  is  assumed  that  the  reader  is 
familiar.  The  method  used,  ho^yever,  can  only  be  applied,  as  far 
as  the  present  analysis  has  been  carried,  to  those  trusses,  in  which 
the  center  of  moments  is  found  in  a  vertical  line  drawn  through  a 
panel  point  of  the  loaded  chord.  The  truss  and  loading  used  in 
the  previous  article  will  again  be  employed  and  the  maximum 
stress  in  the  upper  chord  member  d-c  will  be  determined.  Panel 
point  4  is  the  center  of  moments  for  this  case ;  therefore,  the  maxi- 
mum moment  at  the  point  4  must  be  found.  As  already  noted,  the 
funicular  polygon  LV^  •  ■  •  A^  is  in  a  reverse  position  with  regard  to 
the  loading  as  the  concentrations  advance  on  the  truss.  Let  the  line 
BA  below  the  line  KL  represent  the  truss,  laid  off  to  scale  on  a  strip 
of  paper,  and  the  point  4  represent  the  center  of  moments.  By  use 
of  the  stepped  diagram,  explained  in  Art.  5,  it  is  found  that  wheel  9 
at  the  section  gives  one  position  for  maximum  bending.  By  erect- 
ing ordinates  AA^  and  BB'\  and  drawing  the  line  A'B'\  the  bending 
moment  C'i?"  is  graphically  obtained,  and  must  be  multiplied  by 
the  pole  distance  in  order  to  be  expressed  in  proper  units.  The 
maximum  live  load  stress  in  6c  is  the  bending  moment  thus  found 
divided  by  the  depth  of  truss.  The  dead  load  stress  is  found 
either  by  a  force  polygon  or  by  means  of  a  moment  curve. 

In  this  way  use  has  been  made  of  one  construction  to  serve  in 
finding  iii  a  simple  and  elegant  manner,  and  in  a  manner  such  that 
errors  can  be  immediately  detected,  the  stresses  due  to  any  moving 
load  in  any  truss  having  parallel  chords  and  web  members  of  the 
kind  above  indicated.  The  modifications  necessary  to  apply  this 
treatment  to  more  general  cases,  such  as  trusses  with  broken 
chords,  or  trusses  with  all  web  members  inclined,  or  even  unsym- 
metrical  trusses  will  be  developed  in  a  subsequent  article. 
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THE   MORPHOLOGY   OF  CERTAIN   ORGANIC 

COMPOUNDS.* 

By  AUSTIN   F.    ROGERS. 

A  crystallographic  study  of  certain  organic  compounds  furnishes 
the  following  notes.  The  potassium  cyanate  and  mercuric  oxy- 
'cyanid  were  obtained  from  the  chemical  firm  of  Eimer  &  Amend. 
The  other  compounds  are  from  the  Laboratory  of  Organic  Chem- 
istry of  Columbia  University,  and  were  kindly  placed  at  the  dispo- 
sal of  the  writer  by  Prof.  M.  T.  Bogert,  of  that  department. 


Monochnic : 


Potassium  Cyanate,  KCNO. 


a\b\c^  2.6177:  I  :  1. 2819:  /5=  86°  li'. 
Observed  forms: 

a\\oo\  ^{001}  m\\\o\  r{ioiJ    {Aol{  z\\\2\. 


• 

Measured. 

Calculated. 

cm 

(001 

:  no) 

(12) 

#940 

51^ 

mm' 

(no 

:  lio) 

(12) 

*4I 

54 

cr 

(oox  : 

;  loi) 

(6) 

*23 

4 

ar 

(100 

I  lOl) 

(4) 

*53 

7 

erf 

(001 

•  FoF) 

(3) 

126 

51 

I26<>     53' 

mr 

(no  : 

101) 

(3) 

77 

31 

77      54 

mr* 

(no 

Toi) 

(4) 

102 

22 

102        6 

cc 

(001 

:  001) 

(8) 

9 

44 

9      42 

mm 

(no  : 

no) 

(2) 

96 

9 

96      12 

Cleavage  r,  good ;  ;«,  good;  «,  imperfect.  Twins,  Twinninjg 
plane  m.     Simple  twins  and  cyclic  groups. 

Simple  crystals  exhibit  the  forms  m,  c  and  r.  They  are  tabular 
inhabit,  being  flattened  parallel  to  one  of  the  m  faces,  an4  this  un- 
equal development  of  the  fn  faces  gives  them  the  appearance  of 
triclinic  crystals. 

A  second  crop  of  crystals  consisted  almost  entirely  of  twins  of 
varying  degree  of  complexity.  Some  are  simple  twins  composed 
of  two  individuals  (Fig.  i).     Cyclic  groups  are  more  common  and 
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they  made  up  of  from  3  to  1 1  individuals  on  which  the  forms  a,  c, 
m,  r,  2,  and  an  indetermined  Ao/  are  present  (see  Figs.  2-5).  The 
cyclic  arrangement  is  brought  about  by  continued  twinning  parallel 
to  two  faces  of  the  unit  prism. 

Twinned  individuals  on  the  exterior  are  always  reduced  to  nar- 
row bands  and  frequently  such  are  introduced  in  the  interior.  This 
arrangement  is  due  to  successive  twinning  about  the  same  face  and 


Fig.  3.  Fig.  4.  Fig.  5. 


gives  an  appearance  of  twinning  after  two  different  laws.  The 
cyclic  twins  simulate  monoclinic  domatic  symmetry  and  not  tri- 
clinic  as  do  the  simple  crystals. 

Brugnatelli  •  has  described  tetragonal  crystals  of  potassium 
cyanate.  They  exhibit  no  cleavage,  so  are  entirely  distinct  from 
our  crystals. 

Allvl  Thiocarbamid. 

/NH, 
S-C< 


<i\n 


(Prepared  by  W.  Casamajor.) 

Crystals  prismatic  in  habit,  usually  singly  terminated.     Fig.  6  is 
an  orthographic  projection  of  such  a  crystal. 
Monoclinic : 

a  :  d  :c^  0.9184  :  i  :  2.OO44;  ^=  &i°4'- 

Observed  forms : 

c{ooi}     m{iio}     i{oi2}     ?{01i}     '■[Toi}     .'{Til}. 

'Ber.  d.  d.  Chtm.  Get.,  27,  837,  1894.      Abstr.  Zeit.  f.  Krytl.  u.  Mm.,  J6,  6»8, 
1896. 
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Measured. 

Calculated. 

mmfff 

(no  :  no) 

(") 

♦84° 

43' 

cr 

(ooi  :  For) 

(10) 

*59 

45 

ct 

(ooi  :  012) 

(3) 

*44 

51 

mm' 

(no  :  lio) 

(6) 

95 

17 

950      \f 

m'c 

(1 10  :  001 ) 

(4) 

73 

22 

or 

(III  :'loi) 

(5) 

41 

0 

m'r 

(iio  :  loi) 

(3) 

63 

17 

mm 

(no  :  no) 

(3) 

33 

34 

33      16 

qi~ 

(on  :  012) 

(3) 

17 

41 

18        28 

Twins:  (i)  Twinning  plane  c.  Have  apparent  hemimorphic 
orthorhombic  symmetry.  Fig.  7  (an  orthographic  projection  with 
c,  the  twinning  plane  as  the  plane  of  projection). 


Fig.  6. 


Fig.  7. 


Fig.  8. 


(2)  Twinning  plane  a.  Penetration  twins  resembling  Carlsbad 
twins  of  orthoclase.  There  is  an  unequal  development  of  the 
corresponding  faces  of  the  two  individuals  as  indicated  in  Fig.  8. 

AcEToxiME,  (CH3)2C :  NOH. 

(Prepared  by  A.  Metzger.) 

Acetoxime  crystallizes  in  the  hexagonal  system,  the  crystals  re- 
sembling the  common  type  of  quartz  crystals  (see  Fig.  9). 

Good  crystals  were  obtained  by  allowing  a  specimen  tube  con- 
taining them  to  stand  for  some  time  when  sublimed  crystals  were 
found  on  the  sides  of  the  tube.  As  the  crystals  deliquesce  very 
rapidly  in  the  air  measurements  were  made  with  the  crystals  en- 
closed in  a  hollow  cylinder  *  with  calcium  chlorid. 

Hexagonal : 

t  =  0.6541. 
Observed  forms : 

m\\OiO\  r{iolij. 


*See  Moses:  "Characters  of  Crystals,"  p.  73,  Fig.  74. 
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mr 
mm* 


Measured. 

Calculated, 

(loio  :  ion) 

(18) 

52"°      56^ 

(1010  :  Olio) 

(15) 

60          2 

60®        & 

Acid  Ammonium  o-sulphobenzoate, 


r 


COOH 
"\/'S03NH, 

The  crystals  of  this  salt  are  tabular,  being  flattened  parallel  to 
the  basal  pinnacoid  and  are  rhombic  in  outline  (Fig.  10). 


m 


m" 


Fig.  9. 
Orthorhombic : 


Fig.  10. 


Observed  forms: 


a\b\c=  0.6691  :  1.12158. 
^{001)  ^(011}  ^[111} 


Measured. 

Calculated. 

CO 

(100  :  III) 

(12) 

*65°    25^ 

oof'f 

(III  :  III) 

(10) 

*6o      46 

0<^^ 

(III  :  III) 

(3) 

49       15 

49°     lO' 

^9 

(001  :  on) 

(6) 

50      28 

50        29 

Cleavage,  perfect  parallel  to  c. 

Mercuric  Oxycyanid. 

Crystals  of  two  habits  :  (i)  Obtuse  sphenoidal  with  ^{  1 1 1  {  domi- 
nant, (2)  prismatic,  with  a\ioo\  dominant;  /{20i},^{iii(,  and 
^{001}  are  inconspicuous.  Fig.  11,  an  orthographic  projection, 
represents  both  habits. 

Tetragonal.     Scalenohedral  class : 


=  0.4592. 
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Observed  forms  : 

^{100}     ^Jooi{     f\20l\     o\iii\     ^jJlTl|. 


aa' 


// 


00 


0/ 

00  J 


Measured. 

Calculated. 

(100  :  010) 

(12) 

90°      2' 

90®     </ 

(III  :  ill) 

(18) 

*66o     0 

(III  :  iFF) 

(6) 

134      44 

134       42 

(100  :  201) 

(3) 

47       30 

47        36 

(ill  :  iTl) 

(") 

45       I9i 

45       18 

Benzyl  Sulfocyanid.  QH^CH^SCN. 

Crystals  somewhat  tabular  parallel  to  a.    The  merohedral  de- 
velopment of  the  q  faces  may  be  accidental.     Fig.  12  is  an  ortho- 
graphic projection  with  010  as  the  plane  of 
projection. 
MoQOclinic : 

a\b\c^  0.9019 : 1 : 0.7969 ;  /9  =  83°  43'. 


Y 

Ob 

served  forms  : 
a\\QO\  c\oo\\ 

7n\\\o\ 

\ 

Fig.  II. 

^{OII}. 

Measured. 

Clculated. 

mtn'ff 

(lIO:lio) 

(10) 

♦83» 

45' 

VIC 

(110:001) 

(4) 

85 

45 

85°      1^%' 

ac 

(loo:OOt) 

(10) 

*83 

43 

am 

(100:110) 

(7) 

48 

'5 

48     lyi 

.  '^ 

(001 :oil) 

(5) 

*38 

23 

mq 

(" 

.0:011) 

(3) 

58 

37 

58        58 

m 


mf 


Fig.  12. 


Fig.  13. 


No  cleavage  was  observed. 
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n-Pkopyl  Dithiocakbamio, 

S=C< 

(Prepared  by  M.  T.  Bogert) 

Crystals  tabular  parallel  to  basal  pinacoid  and  elongated  in  the 
direction  of  the  a  axis  (Fig.  1 3). 

Monoclinic : 

a\b\c^  0.8536 : 1  :  0.9447  ;  ^  =  Tj^  f. 
Observed  forms: 

^)ooi[  ^jiooj  fn{i\o\  t\oi2\  ^)oii{. 


Measured. 

Calculated. 

mm^^^ 

(no  A  iio) 

(7) 

*IOO^' 

28^ 

cm 

(001  A  IIO) 

(6) 

*8o 

8 

^9 

(oo£  A  on) 

(6) 

*43 

38>^ 

c^m 

(001  A  no) 

(3) 

99 

53>^ 

99°     52^ 

91'" 

(on  A  on) 

(4) 

94 

44 

94       43 

a 

(on  A  012) 

(3) 

.  24 

45 

24      43 

Cleavage  perfect  parallel  to  c,  imperfect  fibrous  parallel  to  a. 


[Contribution  from  the  Havemeyer  Laboratories  of  Columbia  University,  No.  63.] 

A  STUDY  OF  THE  QUANTITATIVE  DETERMINATION 

OF  ANTIMONY. 

By   lewis  a.    YOUTZ. 

Part  I. 

Volatility   of  Antimony  Chlorides  and  Tin  Chlorides  in 

Concentrated  Hydrochloric  Acid. 

The  vaporizing  temperature  of  dry  arsenious  chloride  is  1 34°, 
antimonious  chloride,  223^,  and  stannic  chloride  is  114^.  These 
wide  differences  of  boiling  points,  and  the  ease  with  which  arsenic 
may  be  distilled  over  in  the  well-known  Fischer's  distillation  of 
arsenic  suggested  the  following  work  on  the  separation  of  antimony 
and  tin. 

In  the  course  of  the  work  it  was  soon  noted  that  the  volatilizing 
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temperature  of  the  chlorides  in  a  water  solution  of  hydrochloric 
acid  is  not  that  of  the  dry  chloride  salt.  In  the  case  of  tin  the  tem- 
perature at  which  the  stannic  chloride  goes  over  in  the  aqueous 
hydrochloric  acid  solution  is  approximately  that  of  the  boiling 
point  of  dry  stannic  chloride,  i,  e,,  1 14°  C,  as  shown  by  the  results 
given  below.  Antimonious  chloride,  however,  goes  over  at  a  tem- 
perature much  below  that  of  223°  C.  In  fact  it  begins  going  over 
where  the  boiling  point  of  aqueous  hydrochloric  acid  becomes 
constant,  /.  ^.,  at  about  108°  C.  The  arsenious  chloride  goes  over 
at  even  a  lower  temperature  than  this,  as  it  begins  to  go  over  as 
soon  as  the  acid  gas  begins  to  leave  the  solution  rapidly  at  about 
75°  C.  to  80°  C.  for  concentrated  acid,  or  even  below  this  temper- 
ature. There  seems  to  be  a  misconception  here  on  the  part  of  some 
chemists  regarding  the  volatilizing  point  of  arsenious  chloride  in 
aqueous  hydrochloric  acid.  In  a  recent  edition  (1901)  of  Prescott 
and  Johnson's  "  Qualitative  Analysis  "  in  the  temperature  of  the 
volatilization  of  the  arsenic  in  the  usual  Fischer's  distillation  is  given 
at  132°  C,  and  Janhasch  *  gives  the  temperature  as  134°  C.  This 
latter  is  the  boiling  point  of  dry  arsenious  chloride.  However  it 
is  impossible  to  get  so  high  a  temperature  as  134°  C.  for  aqueous 
hydrochloric  acid  at  the  ordinary  atmospheric  pressure.  It  boils, 
beginning  at  about  35°  C,  the  temperature  rising  gradually  till  at 
about  i07°-io8°  C,  the  temperature  for  New  York  city  remains 
constant,  and  the  per  cent,  of  acid  here  femains  constant  at  about 
20  per  cent,  acid  until  the  whole  solution  is  evaporated.  This  is 
in  accord  with  the  well-known  fact  that  water  containing  hydro- 
chloric acid,  hydrobromic  acid,  or  hydriodic  acid  cannot  be  com- 
pletely freed  from  the  acids  by  boiling,  as  after  a  time  as  the  boil- 
ing proceeds,  the  relative  amounts  of  acid  and  water  remains 
constant  for  each  acid.  It  was  found  that  the  addition  of  ferrous 
sulphate  in  such  quantities  as  is  customary  in  Fischer's  distillation 
method  for  arsenic  has  but  little  effect  on  the  boiling  point  of  the 
solution,  raising  it  only  three  or  four  degrees  and  of  course  not 
affecting  the  temperature  of  the  vapor.  Remsen  f  gives  the  tem- 
perature at  which  the  arsenic  begins  to  go  over  as  100®  C. 
Schneider  ;^  who  first  suggested  this  method  of  distillation,  also 
gives  the  temperature  as  100°  C. 


*  »»Gcwichts  Analyse"  (1897),  p.  176. 
t  "  Inorganic  Chcmistr>',"  p.  317,  1898. 
X  li'ein.  Acad.  Ber,  VI.,  409,  1851. 
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Experimental. 

}n  order  to  test  the  method  of  distillation  of  antimony  and  tin 
chlorides,  a  certain  amount  of  the  chloride  was  measured  into  a 
side-necked  distilling  flask  fitted  with  a  condenser,  and  a  two-hole 
stopper  with  two  thermometers,  one  thermometer  reaching  into  the 
boiling  solution  to  record  the  temperature  of  the  liquid,  and  the 
other  reaching  to  the  level  of  the  exit  tube  to  measure  the  tem- 
perature of  the  vapor.  The  solution  of  the  chlorides,  to  which 
was  added  from  50  c.c.  to  150  c.c.  of  concentrated  hydrochloric 
acid,  was  distilled  in  fractions,  each  fraction  distilling  over  being 
collected  in  a  vessel  containing  water  and  tested  for  antimony  or 
tin  by  sulphuretted  hydrogen  gas.  25  c.c.  or  50  c.c.  of  a  standard 
approximately  tenth  normal  solution  of  either  antimony  or  tin 
(calculated  to  the  metal)  were  taken  for  each  experiment.  In  the 
case  of  stannous  chloride,  however,  the  temperature  only  of  the 
vapor  was  recorded  and  a  much  larger  quantity  of  the  salt  was 
taken  for  each  distillation.  The  results  for  the  four  salts,  i,  e,, 
stannous  chloride,  antimonious  chloride,  and  antimonic  chloride 
are  tabulated  below. 

Experiment  i.  —  Stannous  Chloride, 

100  c.c.  of  »/ 10  stannous  chloride  (pure  Kahlbaum's)  were  taken, 
150  c.c.  of  concentrated  hydrochloric  acid  added,  also  a  large  por- 
tion of  zinc  chloride,  and  the  distillation  proceeded  with.  The 
temperature  of  the  vapor  rose  gradually  to  i07°-io8°  and  no  tin 
was  found  in  the  distillate.  The  distillation  was  continued  till  the 
vapor  showed  a  temperature  of  150°  C,  when  only  a  nearly  dry 
salt  remained  in  the  flask.  This  distillate  showed  some  tin,  though 
only  a  very  small  fraction  of  the  amount  taken.  The  tin  distilled 
was  in  the  stannic  condition. 

Experiment  2,  —  Stannous  Chloride. 

In  this  experiment  several  grams  of  metallic  tin  were  placed  in 
a  flask  with  about  the  same  amount  of  strong  hydrochloric  acid  as 
in  the  previous  experiment,  this  allowed  to  act  for  some  time, 
then  zinc  chloride  added  and  the  distillation  carried  out  as  in 
experiment  i.  Little  more  than  traces  of  tin  distilled  over  and 
these  only  when  the  vapor  temperature  rose  to  iio°-ii5°.  The 
tin  in  the  distillate  was  in  the  stannic  condition. 
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Expefiment  3.  —  Stannic  Chlotide. 

25  c.c.  of  nj  10  stannous  chloride  solution  was  first  treated  with 
potassium  chlorate  and  large  excess  of  hydrochloric  acid,  then 
zinc  chloride  was  added  and  more  hydrochloric  acid.  The  results 
of  the  distillation  were  as  follows : 


Fraction. 

I 

2 

3 


B.  P.  Liquid. 

IIO°-III° 
112  -114 

114  -117 


Vapor  Temp. 

I07'»-I07.5» 
107   -108 
108 


Tin  Found  by  HgS  in 
the  Distillate. 

Nothing, 
ii 

(I 


From  this  point  a  stream  of  hydrochloric  acid  gas   was  run 


through  the  boiling  solution. 


Fraction. 

4 

5 
6 


B.  P.  Liquid. 

Ii70-i25<> 
125  -185 
185  -220 


Tin  Found  by  H,S  in 
Vapor  Temp.  the  Distillate. 

I080  Nothing. 

Ill  Heavy  precipitate  of  SnS,. 

no  -108° 


«( 


(( 


(f 


More  hydrochloric  acid  (concentrated)  was  added  and  the  distil- 
lation continued  with  a  stream  of  hydrochloric  acid  gas. 


Fraction. 

7 
8 


B.  P.  liquid. 
120'*-l620 
162  -185 
185   -195 


Vapor  Temp. 

Tin  Found  by  H,S  in 
the  Distillate. 

108® 

Considerable  SnS, 

109    • 

105  -io8<> 

<(                     tc 

The  residue  in  the  flask  was  here  treated,  after  dilution  with 
water,  with  hydrogen  sulphide.  Not  over  half  of  the  stannic 
chloride  had  been  distilled  over,  and  what  went  over  was  mostly 
in  the  fifth  and  sixth  fractions. 

Expefiment  4,  —  Stannic  Chloride, 

This  was  tried  to  determine  the  effect  of  sulphuric  acid.  Stan- 
nous chloride  (25  c.c.  ;i/io  solution),  was  oxidized  by  aqua  regia,  a 
large  excess  of  concentrated  hydrochloric  acid  added,  then  25  c.c. 
of  strong  sulphuric  acid.  No  stannic  chloride  distilled  over  after 
repeated  distillations.  Temperature  as  high  as  220^  C.  Stannic 
sulphate  remained  as  a  non-volatile  product. 

Experiment  ^.  —  Antimony  in  Antimonic  Condition, 

25  c.c.  of  the  antimonious  chloride  («/ 10)  solution  were  taken  and 
oxidized  by  nitric  acid  and  excess  of  hydrochloric  acid. 
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Fraction. 

B.  P.  Liquid. 

Temp.  Vapor. 

I 

III®-II2*> 

1250-106° 

2 

112  -119 

106  -107 

3 

4 

5 
6 

119  -125 
125  -130 
130  -145 

145  -185 

107 
107 
107 
107  -108 

Antimony  Found  by  H.S  in 
Dbtillate.        ' 

Nothing. 


<< 


it 


l< 


Trace. 


Experitnent  6,  —  Antitnony  in  Antimonic  Condition. 

The  same  amount  of  antimony  solution  as  in  experiment  5,  oxi- 
dized by  aqua  regia,  and  excess  of  hydrochloric  acid,  then  large 
amounts  of  zinc  chloride  added  to  raise  the  boiling  point. 


Antimony  Found  by  H^S  in 


Fraction. 

B.  P.  Uquid. 

Temp.  Vapor. 

Distillate. 

I 

2 

106° 

io6®-iioo 

100° 

100    -106° 

Nothing. 

3 

iio  -117 

106    -106.5 

<f 

4 

5 
6 

117   -145 
145   -185 
185   -275 

I06.5-IO7 

107  -108 

108  -I 15.5 

Trace. 
Just  enough  to  see  the  ppt. 

Experiment  7.  —  Afitimony  in  Antimonic  Condiiiofi. 

To  the  residue  of  experiment  6,  more  hydrochloric  acid  was 
added  and  then  the  distillation  carried  on  with  a  stream  of  hydro- 
chloric acid  gas. 


Fraction. 

B.  P.  Uquid. 

'lemp.  Vapor. 

Antimony  in  Distillate. 

I 

120^-145° 

107  0     . 

Nothing. 

2 

145   -185 

108 

Trace. 

3 

185 

112 

«< 

Experiment  8.  —  Antimony  in  Antimonic  Condition. 

10  grams  of  antimonious  chloride  (the  dry  salt)  were  taken, 
several  grams  of  potassium  chlorate  and  a  large  excess  of  hydro- 
chloric acid  were  added  and  distilled. 


Fraction. 

B.  P.  Liquid. 

Temp.  Vapor. 

Antimony  in  Distillate. 

I 

112° 

107° 

Trace. 

2 

"3 

loS 

(< 

3 

"3 

108 

Nothing. 

Experiment  g, — Antimony  in  Antimonic  Condition, 

Zinc  chloride  and  more  concentrated  hydrochloric  acid  added  to 
the  residue  of  experiment  8,  and  the  distillation  repeated. 
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Fraction. 

B.  P.  Uquid. 

Temp.  Vapor. 

Sb  in  Distillate. 

I 

io8®-iio® 

107.5** 

Trace. 

2 

IIO  -III 

108 

Nothing. 

3 

III    -120 

108 

<( 

4 

I20  -130 

108-109 

Trace. 

5 

130  ->55 

IO9-III 

Slight  ppt. 

6 

155  -210 

III 

tc 

Experiment  10. —  Antimonious  Chloride. 

25  c.c.  of  »/io  solution  of  antimonious  chloride  were  taken,  a 
large  quantity  of  concentrated  hydrochloric  acid  added,  and  then 
zinc  chloride. 


Fraction. 

B.  P.  Liquid. 

Temp.  Vapor. 

Sb  in  Distillate. 

I 

IOO°-IIO® 

104° 

Nothing. 

2 

IIO  -112 

104 

-io7<> 

Trace. 

3 

112  -115 

107 

-108 

i< 

4 

115  -120 

108 

Distinct  ppt. 

5 

120  -130 

108 

Larger     " 

6 

130  -145 

109 

Much       " 

7 

145  -210 

IIO 

•*  more  " 

During  the  seventh  fraction  a  stream  of  hydrochloric  ^did  gas 
was  led  through.  Now  additional  concentrated  acid  wfi9  added 
and  the  distillation  repeated  with  a  stream  of  hydrochloric  acid. 


Fraction. 

B.  P.  Liquid. 

Temp.  Vapor. 

Sb  in  Disrillate. 

8 

II5°-I25° 

107® 

Considerable  ppt 

9 

125  -145 

108.5 

<i              <f 

10 

145  -170 

112 

K                          t< 

The  combination  of  all  the  fractions  in  the  above  experiment 
showed  that  about  two  thirds  or  three  fourths  of  the  antimony  had 
been  distilled  over,  and  by  continued  distillations  with  zinc  chloride 
probably  all  would  finally  have  been  carried  over. 

Experiment  11,  —  Antimonious  Chloride, 

50  c.c.  of  the  njio  stock  solution  of  antimonious  chloride  with 
the  usual  large  amount  of  hydrochloric  acid  were  taken,  and  in  the 
latter  part  of  the  distillation  a  gram  of  sodium  chloride  was  added. 


Fraction. 

I 

B.  P.  Liquid. 
110° 

Temp.  Vapor. 
108° 

Sb  in  Distillate. 
Trace. 

2 

IIO 

loS 

(( 

3 

IIO 

108 

(< 

4 

IIO 

108 

Little  more  than 

More  hydrochloric  acid  here  added  and  distillation  continued  in 
a  stream  of  hydrochloric  acid  gas. 
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Fraction. 
5 

B.  P.  Liquid. 

no® 

Temp.  Vapor. 
loSo 

Sb  in  Distillate 
Trace. 

6 

no 

108 

(( 

7  no  108  " 

More  hydrochloric  acid  added  and  one  gjram  of  sodium  chloride. 


Fraction. 
8 

9 

B.  P.  Liquid. 
110° 

no 

Temp.  Vapoi 
108° 
108 

r.                     Sb  in  Distillate. 
Trace. 

Zinc  chloride  added  with 

more  acid  and 

distillation  contini 

Fraction. 
10 
II 
12 

13 

B.  P.  Liquid. 
IIO°-II2® 
1X2  -115 
115   -125 
125   -150 

Temp.  Vapor. 
108° 
108 
lO'^.S 

in 

Sb  in  Distillate. 

Trace. 

More  than  trace. 

Distinct  ppt. 

Large  ppt. 

Experiment  12,  —  Antimonious  Chlofide, 

25  c.c.  nl  10  antimonious  chloride  solution  taken  in  a  larp^e 
amount  of  hydrochloric  acid  as  usual,  then  one  gram  of  sodium 
chloride  added. 


B.  P.  Liquid. 
110° 

no 
no 


Fraction. 

I 

2 

3 
Here  zinc  chloride  was  added  and  more  acid. 


Temp.  Vapor. 

107° 

107 

107 


Sb  in  Distillate. 
Nothing. 


Fraction. 

4 

5 
6 

7 
8 


B.  P.  Liquid. 

no® 

in 

111-115  (Stream  HCl) 

I15-120 

120-125 


Temp.  Vapor. 
107® 
108 
108 

io8-rio8.5 

108.5 


Sb  in  Distillate. 
Nothing. 
Trace. 


(t 


Distinct  ppt. 
Large  ppt. 


Experiment  ij. — Antimonious  Chloride. 

Took  25  c.c.  of  a  I  per  cent,  solution  of  antimonious  chloride, 
added  50  c.c.  of  concentrated  sulphuric  acid,  and  20  c.c.  of  con- 
centrated hydrochloric  acid.  The  liquid  began  boiling  at  70°  and 
rose  rapidly  to  117°.  The  vapor  at  thi-i  point  was  100°.  Time 
2  or  3  minutes.  No  antimony  had  distilled  over  up  to  this  point. 
Results  from  this  stage  on  are  as  follows  : 


Fraction. 

I 

B.  P.  Liquid. 
122° 

Temp.  Vapor. 
108° 

Sb  in  Distillate. 
Traces. 

2 

3 
4 
5 

ISO 

175 

200 

107.5 
105 
IO5-IO4-IO5 
106 

Slight  pp. 
T<arger  ** 
Same. 
Trace. 

6 

7 

220 
260 

104.5 

>23 

Nothing. 
*« 
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In  all  .0150  gram  of  antimony  (calculated  as  metallic  Sb)  bad 
distilled  over  up  to  this  point.  Now  50  c.c.  more  of  hydrochloric 
acid  were  added  and  the  distillation  repeated. 


Fraction. 

B.  P.  Liquid. 

Temp.  Vapor. 

Sb  in  Distillate. 

I 

98° 

90° 

Nothing. 

2 

"7 

106 

Trace. 

3 

125 

108  • 

Slight  ppt. 

4 

145 

107 

Larger  ppt. 

5 

175 

107 

-104-106 

Less  ppt. 

6 

220 

105 

Merest  trace 

Experimejit  14,  —  Arsenious  Chloride. 

One  gram  of  arsenious  oxide,  dissolved  and  oxidized  by  HCl 
and  potassium  chlorate  was  taken.  Some  zinc  chloride  added, 
then  15  grams  of  ferrous  sulphate,  and  the  distillation  conducted 
with  a  stream  of  HCl  gas. 

The  arsenious  chloride  began  going  over  below  100°  and  at  no 
time  did  the  temperature  rise  above  112°  for  the  liquid,  and  108° 
for  the  vapor.  After  forty  minutes  air  but  a  trace  of  the  arsenic 
had  distilled  over. 

Discussion  of  Results. 

Experiments  i  and  2  show  that  stannous  chloride  is  entirely 
non- volatile  up  to  a  temperature  of  150°,  the  traces  of  tin  salt 
found  in  the  distillate  being  in  the  stannic  condition.  This  was 
doubtless  due  to  oxidation  of  a  small  portion  of  the  stannous 
chloride  by  the  oxygen  contained  in  the  air  in  the  flask,  and  in  the 
water  used  to  make  the  solution. 

From  experiments  S,  6,  7,  8,  9,  when  antimony  was  distilled 
after  oxidation  by  either  nitric  acid  or  potassium  chlorate,  it  is 
seen  that  no  antimony  distils  over  till  a  temperature  of  145°  for 
the  liquid  and  io8°  for  the  vapor,  the  maximum  for  aqueous 
hydrochloric  acid,  is  reached,  and  that  even  at  considerably  higher 
temperatures  than  this  but  little  more  than  traces  go  over.  It 
should  be  mentioned  that  when  a  temperature  of  145°  was  reached 
in  the  liquid,  only  a  very  small  amount  of  hydrochloric  acid  and 
water  remained  in  the  flask,  the  liquid  being  a  very  concentrated 
solution  of  the  antimony,  and  the  vapor  having  reached  its  maxi- 
mum for  aqueous  hydrochloric  acid  from  this  point  rose  in  tem- 
perature above  this  maximum. 

The  non-volatility  of  the  antimony  when  oxidized  to  the  pentad 
form  is  undoubtedly  due  to  the  formation  of  some  one  of  the  anti- 
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monic  acids  by  hydrolysis  of  the  antimonic  chloride  presumably 
first  formed  by  the  oxidizing  agent,  as  shown  by  the  following  re- 
action : 

SbCl,  +  4H.O  =  H3SbO,  +  SHCI. 

Antimony  pentachloride  formed  by  the  treatment  of  metallic 
antimony  by  excess  of  dry  chlorine  gas  is  very  volatile,  distilling 
at  a  considerably  lower  temperature  than  the  trichloride,  and  at  the 
same  time  partially  decomposing  into  the  trichloride  and  free  chlo- 
rine. If  the  pentachloride,  however,  is  treated  with  excess  of  water* 
it  forms  a  non-volatile  solution,  just  as  the  solution  of  antimony 
made  with  hydrochloric  acid  and  nitric  acid,  or  potassium  chlorate. 
This  disposition  to  form  an  acid  when  oxidized  to  its  highest  state 
finds  an  analogy  in  phosphorus  and  arsenic,  these  forming  in  aqua 
regia  phosphoric  acid,  and  arsenic  acid  respectively.  The  same 
property  is  shown  in  bismuth,  though  in  this  case  bismuth  is  so 
metallic  in  its  properties  that  it  is  not  oxidized  to  the  pentad  form 
in  acid  solution  with  aqua  regia,  or  potassium  chlorate.  However, 
in  alkaline  solution,  if  free  chlorine  gas  is  added  to  the  bismuth 
compound,  bismuthic  acid  is  formed,  HBiOj.  So  here  we  have  the 
analogy  of  all  the  elements  of  this  periodic  group  when  oxidized  to 
the  highest  state  in  aqueous  solution  hydrolyzing  to  the  acid,  the 
tendency  gradually  decreasing  from  phosphorus  down  to  bismuth, 
where  it  is  almost  lost. 

The  non-volatility  cannot  be  due  to  the  formation  of  a  double 
chloride  salt  with  potassium  chloride  as  is  stated  by  some  chemists,* 
as  in  experiment  S  the  temperature  of  volatilization  was  the  same 
as  in  the  other  experiments  where  potassium  chlorate  was  used  as 
the  oxidizing  agent,  and  here  no  alkaline  chloride  was  present  to 
form  a  double  chloride.  The  slight  volatility  of  the  antimony  at 
the  beginning  of  the  distillation  in  experiments  8  and  9  was  doubt- 
less due  to  the  incomplete  oxidation  of  the  large  amount  of  anti- 
mony taken  so  that  part  was  in  the  form  of  the  trichloride,  w|^ich 
at  that  temperature,  as  shown  by  the  other  experiments,  is  volatile. 

From  the  results  in  experiment  3  it  is  seen  that  the  stannic  chlo- 
ride volatilizes  only  when  the  temperature  of  the  vapor  rose  above 
the  boiling  point  of  the  dry  salt.  This  vapor  temperature  was 
reached  only  when  the  temperature  of  the  liquid  reached  some- 
where between  125°  and  185°  C.     The  presence  of  hydrochloric 

*  Clowes  and  Coleman's  **  Quantitative  Analysis,"  p.  270,  3d  ed. 
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acid  seems  to  have  no  effect  on  the  volatility  of  the  stannic  chlo- 
ride. In  experiment  4  it  seems  that  the  sulphuric  acid  converts  the 
stannic  chloride  to  a  sulphate  which  is  non  volatile  at  the  tempera- 
tures of  the  experiment. 

Experiments  10-13.  The  antimony  in  the  trivalent  form  as 
chloride  simulates  arsenious  chloride  as  to  its  volatility  in  aque- 
ous hydrochloric  acid,  but  is  driven'  over  much  less  rapidly  and 
at  a  somewhat  higher  temperature,  as  is  seen  by  referring  to  experi- 
ment 14.  Traces  of  antimony  distilled  over  as  soon  as  the  tem- 
perature of  the  solution  arose  to  the  maximum  for  aqueous  hydro- 
chloric acid,  but  only  in  traces  till  the  temperature  of  the  liquid 
rose  rapidly,  and  after  the  vapor  had  reached  the  point  where  its 
temperature  began  to  rise  above  that  of  the  maximum  for  aqueous 
hydrochloric  acid. 

In  experiment  13,  where  sulphuric  acid  was  added  to  raise  the 
temperature,  antimony  distilled  over  slowly  till  practically  all  the 
hydrochloric  acid  had  been  driven  over,  and  only  antimony  and 
sulphuric  acid  remained  in  the  flask.  The  antimony  then  ceased 
to  distil  over,  doubtless  because  of  the  formation  of  the  sulphate 
of  antimony  which  is  non-volatile  at  the  temperature  attained.  On 
the  addition  of  a  second  portion  of  hydrochloric  acid  to  the  residue 
and  redistilling,  the  antimony  went  over  again  as  in  the  first  distilla- 
tion, it  ceasing  again  to  distil  as  soon  as  the  hydrochloric  acid  had 
been  boiled  out.  From  this  it  would  seem  that  the  antimony  in 
the  experiment,  when  in  the  presence  of  strong  hydrochloric  acid, 
is  in  the  form  of  a  chloride,  the  condition  as  chloride  or  sulphate  de- 
pending on  which  acid  is  in  excess,  thus  obeying  the  law  of  mass 

action. 

Conclusions. 

1.  ^o practical  analytical  separation  of  antimony  and  tin  can  be 
effected  by  distillation. 

2.  Antimony  oxidized  by  nitric  acid  or  by  potassium  chlorate  in 
aqueous  hydrochloric  acid  solution  is  totally  non-volatile  at  the 
boiling  point  of  aqueous  hydrochloric  acid,  due  probably  to  the 
formation  of  antimonic  acid. 

This  work  was  undertaken  at  the  suggestion  of  Prof.  Edmund 
H.  Miller  and  carried  out  under  his  direction. 


STRUCTURE    OF  STARCH   MOLECULE.  I45 


UPON   THE   STRUCTURE   OF  THE  STARCH 

MOLECULE. 

By  F.  E.  hale. 

To  suggest  a  starch  molecule  which  will  satisfy  the  results  of  all 
the  workers  upon  starch  is  practically  an  impossibility.  The  best 
that  can  be  attempted  is  to  satisfy  the  work  which  seems  to  be 
most  reliable.  Some  of  the  results  have  been  obtained  by  such 
different  methods  that  they  can  hardly  be  compared.  The  better 
to  present  the  problem  a  brief  history  of  the  ideas  of  starch  struc- 
ture which  have  hitherto  prevailed  needs  no  excuse. 

The  original  idea  of  the  action  in  the  hydrolysis  of  starch  was 
that  dextrin  was  produced  from  starch  and  sugar  from  dextrin. 
Musculus*  in  i860,  first  advanced  the  theory,  now  generally  ac- 
cepted, that  the  production  of  dextrin  and  of  sugar  was  simultane- 
ous. Some  years  later,  in  1878,  Musculus  and  Gruberf  recognized 
the  fact  that  it  was  difficult  to  hydrblyze  more  than  5 1-52  per  cent, 
of  starch  to  sugar  on  a  basis  of  dextrose  and,  after  corroborative 
experiments  of  their  own,  adopted  O'Sullivan's  J  discovery  that 
maltose  was  the  sugar  produced.  Up  to  the  disappearance  of  the 
iodine  color  reaction  with  the  products  the  hydrolysis  of  starch  by 
diastase  is  very  rapid.  It  becomes  checked  then,  they  believed,  by 
the  presence  of  the  products  of  hydrolysis.  They  thought  that  the 
fact  that  some  of  the  dextrins  produced  were  not  attacked  by 
diastase  overthrew  the  old  idea  of  the  formation  of  sugar  through 
the  intermediate  production  of  dextrin.  They  believed  that  their 
own  bodies  were  not  identical  with  Bondonneau's,  §  but  that  both 
his  an  J  theirs  were  real  products  of  the  hydrolysis  of  starch,  pro- 
duced by  a  series  of  hydrolytic  reactions  which  resulted  in  the 
formation  of  dextrins  of  constantly  decreasing  molecular  weight. 
They  came  to  the  conclusion  that  starch  itself  is  a  polysaccharide 
of  at  least  the  size,  (C„H„OJ,_,. 

O'Sullivan,  II  in  1879.  claimed  that  the  dextrins  produced  from 
starch  all  have  the  same  rotatory  power,  and  that  it  is  the  same  as 


*Ann.  Chim.y  III.,  60,  203;  IV.,  6,  177 

^Buli,  Soc,  30,  54. 

%  Jour,  Chem,  Soc.y  25,  579-588. 

§  Ber,  Ckem,  Gesell. ,  3  B,  9,  6  and  69. 

\Jour,  Chem.  Soc.^  35,  770. 
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that  of  soluble  starch  (a)j  =  222°  +  ,  that  they  all  have  no  reducing 
power,  and  that  starch  and  the  final  dextrin  have  the  same  specific 
gravity.  He  suggested  that  the  difTerences  between  starch  and  the 
dextrins  are  due  to  the  •*  relation  and  the  arrangement  of  the  mole- 
cules to  one  another,  probably  in  solution  alone."  He  concluded 
that  starch  at  least  equals  (C„Hj^O,j,\. 

In  the  same  year,  Herzfeld  *  advanced  a  theory  along  the  old 
line,  not  a  splitting  of  the  starch  molecule,  but  a  conversion  of 
starch  into  soluble  starch,  erythrodextrin,  and  achrobdextrin  suc- 
cessively, and  a  splitting  of  the  last  body  into  maltodextrin  and 
maltose.  Below  65°  maltose  and  achrobdextrin  were  formed  by 
diastase,  and  above  65°  erythrodextrin  and  maltodextrin  as  well. 
He  suggested  for  maltodextrin  the  formula  (C^gHj,0,J.  The  most 
significant  feature  of  his  work  is  the  discovery  of  maltodextrin,  a 
body  combining  the  properties  of  maltose  and  dextrin. 

Brown  and  Heron,  t  in  1879,  agreed  with  Musculus  and  Griiber 
in  considering  starch  a  polysaccharide  which  breaks  down  by 
hydrolysis,  splitting  off  maltose  at  every  step  and  thus  forming  a 
series  of  dextrins  of  constantly  decreasing  size.  The  final  dextrin 
would  most  naturally  be  (Q^Hj^Oj^),.  and  as  they  had  found  that  a 
stable  dextrin  hard  to  break  down  into  maltose  by  diastase,  was 
formed  when  four  fifths  of  the  starch  had  been  hydrolyzed  to  mal- 
tose, they  concluded  that  the  starch  molecule  was  at  least  five 
times  as  large  as  this  final  dextrin.  Hence  they  suggested  the 
formula  for  starch,  (C„Hj^Oip),^,.  At  each  splitting  C„H^O,o  comes 
off  and  is  hydrolyzed  to  maltose.  They  agreed  with  O'SuUivan  in 
concluding  that  the  pure  dextrins  all  have  the  same  rotation,  that 
of  soluble  starch,  and  have  no  reducing  power.  To  soluble  starch 
they  gave  the  rotation  (a)^=  218°. 

In  1885,  Brown  and  Morris  %  modified  the  view  just  set  forth  to 
agree  with  later  discoveries.  They  had  found  among  the  products 
of  hydrolysis  of  starch  a  body  always  present  which  resembled, 
but  was  not  identical  with,  Herzfeld's  maltodextrin,  to  which  they 
gave  the  formula  (C^Hj^jO,,,).^  C^K^Oj,.  Because  of  the  difficulty 
of  hydrolyzing  the  final  dextrm  they  suggested  for  starch  the 
formula  5(C,jH^0,q\,  that  is,  five  amylin  groups,  as  they  called 


*  Ber.  CJutn.  GcselL,  12,  2 1 20. 
\  Ann,  Chem.^  199,  165. 
%Ann,  Chetu.y  23X,  72. 
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them,  four  arrang[ed  about  a  fifth  symmetrically.  At' each  splitting 
(CjjHjqO,,,),  comes  off  and  forms  maltodextrin,  thus: 

S(C..H„0,.),  +  H.O  -  4(C,.H„0,.X  +  (C.,H„0  J,.C„H„0,„  etc. 

Starch.  Dextrin.  Maltodextrin. 

Maltodextrin  then  splits  into  maltose  completely. 

In  1889,  *  while  adhering  to  their  previous  grouping  Brown  and 
Morris  increased  yet  more  the  size  of  starch  to  5(C„H^O,J„,  since 
they  had  determined  the  molecular  weight  of  their  residual  dextrin 
to  be  (C„H,^OiJ,p.  They  considered  starch  to  consist  of  five 
amylin  groups,  four  arranged  about  a  fifth,  as  before,  thus: 

(C,.H,0„)„.([C,.H^O,.U. 

The  amylin  groups  split  off  one  by  one  and  are  hydrolyzed  to 
maltodextrins.  The  last  amylin  group  is  the  stable  dextrin.  The 
fir>t  and  last  stages  of  the  formation  of  these  maltodextrins  may  be 
represented  as  follows : 

First,  (C,.H„0,J„  +  H,0  =  C,.H„0„.(C,.H^O,.\.. 

Amylin  group.  A  maltodextrin. 

Last.  (C,.H^OJ„  +  19H.O  =  (C..H„0„),..C,.H„0,.. 

A  maltodextrin. 

These  maltodextrins  then  split  into  smaller  bodies  and  maltose. 
Two  of  the-^e  smaller  bodies  they  have  prepared,  maltodextrin 
(C„H„0,,X.C„H„0„  and  amylodextrin  (C,.H^O,,VC„H„0„. 

Lintner  and  Diill,f  in  1 89 1,  revert  somewhat  to  earlier  lines  of 
belief  in  thinking  as  did  Herzfeld,  that  sugar  splits  from  the  last 
dextrin.  They  call  starch  a  great  complex  molecule,  amylodex- 
trin the  first  product  of  hydrolysis  and  the  simplest.  Under  the 
term  amylodextrin  they  include  all  soluble  starches.  They  believe 
that  soluble  starch  splits  into  three  molecules  of  erythrodextrin, 
and  erythrodextrin  into  three  molecules  of  achrobdextrin.  Achroo- 
dextrin  splits  into  isomaltose  and  isomaltose  changes  to  maltose. 
They  believe  that  these  changes  take  place  simultaneously  as  well 
as  in  steps.  They  found  the  following  molecular  weights  for  their 
bodies  by  Raoult's  freezing  method : 

Amylodextrin  =  (C^H^O^o)^^,  molecular  weight  =  17.496 ; 
Erythrodextrin  =s  (C„H^O,o\g.H,0,  molecular  weight  =  5,850; 
Achrobdextrin  =a(C„H,oO,o\.Hj,0,  molecular  weight  =  1,962  ; 
Isomaltose  =  C,2H„0„  (apparently  with  H,  O). 

*  Proc,  Chetn,  Sof.y  1889,  96;  Btr.  Cheni,  GeselL^  24,  3,  723. 
■\  Ber,  Chem^  GeselL^  26,  2533. 
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Since,  when  about  two  thirds  of  the  starch  is  hydrolyzed,  the  pro- 
duction of  maltose  does  not  increase  comparatively,  they  think 
that  when  erythrodextrin  divides  to  achroodextrin  two  molecules 
of  the  latter  hydrolyze  to  isomaltose  and  then  to  maltose. 

Johnson  *  gives  forth  the  theory  that  acid  splits  off  successively 
dextrose  from  the  starch  molecule  yielding  a  series  of  gluco- 
amylins,  combinations  of  dextrose  and  dextrin,  of  decreasing 
molecular  weight,  the  first  of  which  are  feebly  attacked  by  dias- 
tase. The  rotation  and  reduction  powers  of  the  mixed  products 
and  of  the  products  precipitated  by  alcohol  agree  with  the  relation 
expressed  by  the  formula 

/  \                  o       195°  —  52.8"^  „ 
(«k86  =  195°  -  i^ ^• 

He  is  the  only  investigator  who  has  proposed  a  graphical  formula 
for  the  starch  molecule,  but  as  it  is  formed  by  joining  the  alde- 
hydic  ends  of  dextrose  together  and  the  alcoholic  ends  together  it 
cannot  possibly  be  correct,  since  by  hydrolysis  maltose  could  not 
be  produced,  but  a  sugar  similar  to  cane  sugar  or  a  sugar  with  an 
aldehydic  group  on  each  end  such  as  is  not  known. 

Scheibler  and  Mittelmeier  f  have  made  an  attempt  to  build  up 
a  starch  molecule  theoretically  from  sugar.  They  classify  the 
sugars  according  as  they  contain  a  carbonyl  group  (C  =  O)  or  not; 
for  example,  dextrose,  levulose,  milk  sugar  with  such  a  group,  cane 
sugar  without  such  a  group.  They  class  granulose  with  the  second 
class  of  sugars,  since  it  is  composed  of  groups  with  no  carbonyl 
radicle.  Characteristic  reactions  for  granulose  and  bodies  of  the 
cane  sugar  type  are  the  lack  of  power  of  potassium  hydroxide  to 
turn  them  brown,  no  reduction  with  Fehling's  solution,  no  osazone 
products  and  hydrolysis  to  dextrose,  or  isomers,  by  the  action  of 
acid.  Bodies  of  the  milk  sugar  type  are  turned  brown  or  yellow, 
by  hot  dilute  potassium  hydroxide,  and  show  an  aldehydic  or  ke- 
tonic  nature  by  reducing  Fehling's  solution  and  by  forming  osa- 
zones.  They  are  also  hydrolyzed  by  acid  to  dextrose,  or  its  iso- 
mers. Maltose,  milk  sugar,  cane  sugar,  etc.,  have  the  formula 
2CjHjjOj—  HjP;  melitose and  melicitose,  sC^Hj^O,  —  2HjO.  Gran- 
ulose may  then  be  represented  by  ^(C^Hj^Oj)  —  («  —  i)HjO. 
They  distinguish  two  kinds  of  bonds,  carbonyl  and  carbinol.     By 

*  Jour.  Ckem,  Soc^  73,  490-502. 

I  Bfr.  Chem,  Gesell.^  23,  2,  3060-3075. 
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the  first  a  carbonyl  group  (C  =  O)  is  united  with  a  carbinol 
group  (COH),  leaving  a  free  "carbonyl  group;  for  example, 
milk  sugar.  By  the  second  two  carbonyl  groups  unite  so  that 
the  product  shows  no  reducing  power  and  forms  no  osazone. 
They  designate  glucose  groups  by  Rj,  R,,  etc.  The  sign  <  indi- 
cates an  aldehydic  group  ;  R  <  or  >  R  represents  dextrose;  milk 
sugar  is  Rj  <  R,  <  ;  cane  sugar  R,  <  >  R,.  Granulose  may  be 
represented  between  two  limits,  R  <  R  <  R  <  R<  .  • .  R  <  R  < 
>R>R...>R>R>R>Rand  R<R<R<R<R< 
R<  ...R<R<>R>R.  Hydrolysis  of  these  bodies  would 
yield  dextrin,  reducing  or  non-reducing,  and  with  or  without  sugar. 
Syniewski*  has  lately  put  forth  a  theory  which  attempts  an 
explanation  for  the  existence  of  all  the  various  kinds  of  products 
found  in  the  hydrolysis  of  starch.  He  considers  starch  to  be  a 
simple  substance  completely  soluble  at  1 38^.  Soluble  starches  are 
numerous  hydrolytic  products  of  starch  and  from  these  soluble 
starches  may  be  formed  reversion  products  analogous  to  insoluble 
starch.  He  considers  starch  cellulose  to  be  a  true  form  of  starch. 
All  of  these  soluble  starches  and  reversion  products  give  a  pure 
blue  with  iodine.  None  of  them  equal  exactly  (C^Hj^Oj)^.  These 
bodies  do  not  reduce  Fehling's  solution.  They  are  then  products 
of  carbinol  hydrolysis.  A  body  which  reduces  Fehling's  solution 
must  be  formed  by  the  breaking  of  a  carbonyl  bond  with  a  car- 
binol, or  an  aldehydic  group  bound  after  the  manner  of  an  anhy- 
dride. Syniewski  calls  (C^Hj^Oj^),  amylogen  in  its  simplest  form 
and  thinks  that  starch  is  composed  of  many  amylogen  groups 
bound  together  by  carbinol  anhydride  connections  thus : 

AoVoAoV 

VoAoVoAoVoAoV 

000 
AoVoAoVoAoVoA 
o    o 
VoAoVoA 

"  The  molecule  of  starch  and  of  all  bodies  between  starch  and 
the  carbinol  hydrolytic  products  of  starch  containing  amylogen 
consist  of  a  great  continuous  number  of  amylogen  molecules 
which  are  bound  together  in  an  anhydride  manner.  These  bonds 
are  between  carbinol  groups. 

*Ann.  Chem,^  309,  282-315. 
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»*  The  amylogen  is  in  such  manner  bound  cogether  that  in  it  are 
bound  three  maltose  structures  with  an  eighteen  carbon  atom 
dextrin  structure.  The  dextrin  structure  consists  of  three  glucose 
structures  of  which  two  are  contained  as  isomaltose. 

*•  By  the  hydrolysis  of  amylogen  in  the  first  case  all  the  maltose 
molecules  are  split  off  one  after  the  other  and  the  dextrin  residue 
remains.  By  further  working  of  the  malt  extract  the  dextrin 
structure  is  split  into  isomaltose  and  glucose  and  the  isomaltose 
finally  also  breaks  into  glucose." 

The  following  various  empirical  formulae  have  been  proposed  for 
starch,  most  of  them  intended  for  soluble  starch : 
1836.     CgHj^Og —  Early  Authors.    Payen,  Ann.  Chim.,  II.,6i,  355  ; 
II.,  65.  225. 
q^H,,0,,  — Wider  belief. 
1872.     CjjHjqOjj  —  O'Sullivan.yjpwr.  Chem.  Soc,  30,  125. 
1 88 1.     Cj^H^j^Ojo  —  Pfeiffer  and  Tollens,  Ann.  Gum.,  210,  289. 
1887.     C„H^^O^—  Mylius,  Ber.  Clum.  GeselL,  20,  6S8. 
1874      Cj^HgjOj, —  Nageli,   Beitrdge  zur   naJieren    Kenntniss   der 
Stdrkegruppe,  1874,  104, 

1878.  (CjjH^OjJs^e —  Musculus  and  Griiber,  Bull.  Soc,  30,  54. 

1879.  (C„H,qO,,,\  —  O'SuUivan,  7o?^r.  Chem.  Soc,  35,  770. 
1879.     (CjjHjjoO^J,^,  —  Brown  and  Heron,  Ann.  Chem.,  199,  165. 
1885.     ([C,sH^<^,ol8)5 —  Brown  and  Morris,  Ann.  Chem.,  231 ,  72. 
1893.     (C,jH,qOjp\^  —  Lintner   and   Diill,  Ber.  Cliem.  Gesell.,   26, 

2533. 
1889.     ([CjjHjqOjj,],^^ —  Brown  and  Morris,  Proc.  Chem.  Soc,  1889, 

96. 
1899.     ([C,H,jj05],)^-~Syniewski,  Ann.  Chem.,  309,  282. 

Nothing  satisfactory  can  be  conceived  concerning  the  structure 
of  starch  without  first  knowing  the  structure  of  maltose.  Maltose 
forms  an  ozazone  with  phenylhydrazine,  and,  therefore,  has  an 
aldehydic  or  ketonic  group.  As  maltose  splits  to  two  molecules 
of  dextrose  that  group  must  be  aldehydic  and  maltose  must  be 
composed  of  two  molecules  of  dextrose  joined  by  one  of  the  alde- 
hydic groups.  The  natural  supposition  is  that  the  two  dextrose 
molecules  join  end  to  end,  as  weak  oxidization  does  not  split  off 
groups  containing  a  smaller  number  of  carbon  atoms  than  six,  for 
maltose  oxidizes  to  gluconic  or  saccharic  acid,  both  of  which  have 
the  structure  of  dextrose  with  its  aldehydic  group  changed  to  a 
carboxyl  group,  the  saccharic  acid  having  its  opposite  end  also 
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oxidized  to  a  carboxyl  group.  Maltose  also  forms  an  octacetyl 
compound  *  and  so  has  but  eight  hydroxy!  groups  which  means 
that  water  has  separated  from  two  hydroxyl  groups  of  dextrose  in 
forming  maltose.  The  only  formula  which  seems  to  have  a  syn- 
thetic possibility  is  the  following  : 


H— 


This  formula  has  been  suggested  by  E.  Fischer  and  J.  Meyer  f 
and  so  has  substantiiil  reason  for  acceptance.  The  manner  in  which 
it  might  hydrolyze  to  dextrose  may  be  represented  in  different 
ways.  The  lines  crossing  the  linkings  show  where  the  latter  break 
and  the  dotted  lines  show  the  new  connections. 


H-cH-H-. 


1. 


CH,OII.(CHOHV 


I.  (CHOH),.CHO = 2CeH„0e 


CH,OH.(CHOH)4.C-0 

H 


\  h"7) 
-K3-a(CH0H),.CH0 
H   H 


—  CeH„0,+  CH,OH.CHOK.  (CHOH),.CHO. 

The  action  of  acid  may  be  similarly  expressed.  This  formula 
possesses  one  alhehydic  group  and  eight  hydroxyls,  the  latter  ar- 
ranged according  to  E.  Fischer's  stereo-isomeric  formula  for  dex- 
trose. As  a  synthetic  possibility  two  views  may  be  considered* 
According  to  the  first  the  aldehydic  oxygen  of  one  dextrose  mole- 
cule oxidizes  the  end  of  the  other  dextrose  molecule,  and  accord- 
ing to  the  second  the  two  molecules  join,  in  a  measure,  similarly 
to  the  aldol  reaction,  and  then  lose  a  molecule  of  water. 


*  Herrfeld,  Btr.  Chem,  GesdKs  13,  267;  Ling  and   Baker,  Jour.  Chem.   Soc,  67, 

212. 

'\£er,  Chem,  Gese/l,,  22,  194 1. 
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f 


CH,0H.(CH0H)4.(>t=0  H  :p— C— C.(CHOII)j.CHO. 


?? 


H 


CB[,OH.(CHOH) 


(CHOHVcaao 


=  CH,OH.(CHOH),. 


{CHOH)^CHa 


The  second  reaction  differs  from  the  aldol  reaction  only  in  that 
the  hydrogen  of  a  hydroxyl  is  transferred,  and  water  sphts  off  after 
the  union  of  the  two  molecules  of  dextrose. 

I  have  seen  no  attempt  as  yet  to  explain  the  manner  of  chem- 
ical union  of  iodine  and  of  potassium  iodide  to  the  starch  mole- 
cule in  starch  iodide.  At  least  two  methods  of  such  union  are 
possible.  It  seems  probable  that  the  union  takes  place  at  the  point 
of  dehydration  since  this  must  be  one  point  of  interunion  between 
maltose  nuclei  in  starch  and  hence  would  govern  the  amount  of 
iodine  possible  to  combine  with  the  starch  to  form  starch  iodide. 
Pickering  "^  states  that  starch  iodide  is  far  more  stable  than  starch 
and  that  it  will  keep  indefinitely  if  iodine  be  kept  in  excess.  Such  a 
fact  likewise  would  imply  that  the  iodine  is  joined  to  the  maltose 
nuclei  at  the  point  of  hydrolysis  as  well  as  of  dehydration.  The 
two  possibilities  are  as  follows  : 

The  blue  starch  iodide. 

H 


1. 


CH,OH.  (CHOH)^.  C;— O 


.(CHOH),.CHO 


CH,OIL(CHOH),.C— O— 9— <J.(CHOH),.CHO 


*  Ch^m,  Nnvs^  42,  311. 

f  The  structure  of  these  groups  is  like  that  of  the  one  figured. 
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For  convenience*  sake  maltose  is  used  to  illustrate  the  manner 
of  union,  as  the  linking  in  starch  should  not  differ.  In  formula  i 
the  group  KI.I^  adds  itself  to  the  starch  just  as  potassium  hy- 
droxide may  be  supposed  to  add  itself  when  starch  takes  up  alkali 
without  hydrolizing.  In  formula  2  the  four  iodine  atoms  are 
bonded  between  the  oxygen  and  carbon  of  four  separate  maltose 
nuclei  in  the  starch  and  linked  to  the  iodine  atom  of  the  potas- 
sium  iodide. 

The  red  starch  iodide  may  be  similarly  represented  thus : 

CHjOH.  (CHOH)^.  C—O—C—C^ .  (CHOH),.CHO 


H 


CH,OH.(CHOH) 


H         H  H 


(CH0H)5.CH0 


K-i-I=(C„H„0„)* 

For  several  reasons,  which  will  be  more  apparent  later,  I  prefer 
the  second  method  of  linking  the  iodme,  especially  because  the 
starch  iodide  which  Myliusf  analyzed  contained  one  atom  of 
iodine  to  four  C^H^o^^  groups  and  also  a  sodium  compound  of 
starch  which  Pfeiffer  and  ToUens'  X  analyzed  contained  one  sodium 
atom  to  four  C,H,^,Oj  groups.  It  is  probable  that  the  iodine  is 
linked  at  first  according  to  the  first  arrangement  and  then  changes 
by  intermolecular  rearrangement  to  the  second.  There  is  much 
reason  to  believe  that  the  linking  by  which  two  dextrose  molecules 
unite  to  form  maltose  is  repeated  many  times  in  forming  the  starch 
molecule.  This  linking  corresponds  to  the  linking  which  Scheib- 
ler  and  Mittlemeier  §  termed  mono-  carboxylic,  but  to  which  they 
gave  no  graphical  structure.  There  should  be  no  hindrance  to  an 
increase  in  the  ratio  of  iodine  to  starch  in  starch  iodide  beyond 
that  which  Mylius  found.  The  reason  that  there  is  oiily  one  iodine 
atom  for  every  four  C^Hj^Og  groups  must  be  explained  by  the  fact 
that  the  above  anhydride  linking,  where  the  iodine  would  join  on^ 

*  The  structure  of  this  group  is  like  that  of  the  one  figured. 
fBer.  Chem,  GeselL,  20,  688. 
XAnn,  Chem.y  210,  289. 

%Bfr.  Chem    Gesell.^  23,  2,  3060-3075. 
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is  used  up  many  times  in  forming  the  starch  molecule.  Hence 
both  Mylius'  work  and  Pfeiffer  and  ToUens'  work  necessitates  a 
larger  starch  molecule  than  they  have  adopted.  It  may  be  asked 
why  maltose  does  not  take  up  iodine  in  the  same  manner.  The 
only  explanation  which  suggests  itself  is  that  a  maltose  molecule 
may  be  arranged  as  Fischer  represents  it,  so  that  there  is  no  strain 
at  the  point  of  union  : 


CH,OH.(CIIOH)^. 


(CHOH),.CHO 
H 


But  in  the  starch  molecule  where  many  maltose  groups  are  bound 
together  in  a  line  the  tendency  would  be  to  produce  a  strain  on  the 
anhydride  bond  and  to  render  it  an  easy  point  of  attack,  thus : 


H   H 

I     I 
H-C-C 

I 
O 


One  method  of  joining  together  maltose  molecules  so  that  the 
anhydride  bonds  will  be  used  up  and  yet  produce  no  strain  at  any 
one  point  is  the  following ;  that  is,  by  Unking  tpgether  two  or 
more  maltose  molecules. 

CH,OH.  (CHOH  l^.C— O— C-<J.  (CHOH),.CHO 

Mylius'  starch  iodide  might  then  be  typified  as  follows: 

HHH  HHH  HHH  H 

III  III  "  J,     •  .  ' 

(CHOH  ),C-0-C-C  (CHOH  ),C-0-C-C  (CHOH  )3C-0-C-C  (CHOH),C— i 

O 


0HC.(CH0H)8. 


(CH0H)4.CH,0H 


O 


H    O 


O    H 


~C 

I 

H 


H    O 

I 


K-    Iv  =  I,(CoH:,0,); 

■  I — ^ 

OH  I 


I    I 

H    O 


O   H 


O 


(CHOH  )<,C-C-0-C  (CHOH  ),(:-C-0-C(CH0H)3.  C-CJ-0-C(CH0H)5CJ-C:-H 
HHH  HHH  HHH  HH 

There  are  at  least  two  ways  of  explaining  the  structure  of  Rou- 
vier's  t  starch  iodide  and  my  own. J  which  contain  one  half  and  one 

*  The  structure  of  this  group  is  like  that  of  the  one  figured. 

^Comp,  Kend.y  1 14,  1366. 

\Amer.  Chem.  Jour.^  December,  1902,  438. 
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quarter  the  amount  of  iodine  respectively  that  Mylius'  body  has: 
First,  by  supposing  that  a  greater  number  of  anhydride  bonds  are 
employed  in  binding  to;^ether  two  lines  of  C,H,^Oj  groups ;  or 
secondly,  by  joining  together  groups  like  that  represented  into  a 
larger  molecule.  As  my  starch  iodide  was  of  a  pasty  consistency 
and  would  not  filter,  while  Mylius*  starch  solution  was  filtered,  the 
latter  explanation  seems  best.  Let  R  equal  a  C,Hj^O^  group,  then 
Mylius'  body  might  be  typified  as  follows  : 

R— K—  R— E— R— K— 

II  I       I      II     li      I       I     I       i'l-K 
R— R— R-K-t— R— R-R    // 

So  Rouvier's  body  might  be  represented  thus : 

/^\ "^K 

R-R  —  R-R— R~R  _  I^ 

III  I        I       "      II      I 
R— R  ^  R— R_R— R— 

II  II 

K_R  -  R— R-R_R  — 


R— R  —  R— R— R— R  — 


My  body  would  be  composed  of  four  groups  bound  together  in  a 
similar  manner  so  that  iodine  could  enter  only  on  the  outside  rows 
as  in  Rouvier's  body. 

Girard  *  in  1887  determined  the  amounts  of  iodine  absorbed  by 
various  starches  and  ascribed  the  varying  results  of  the  different 
sptcies  to  absorption  of  iodine  by  the  starch  cellulose.  It  seems 
more  probable,  however,  that  he  was  really  dealing  with  bodies 
grouped  as  the  above.  His  rice  starch  absorbed  4.5  per  cent.,  of 
iodine.  My.  potato  starch  paste  required  4.38  per  cent,  to  4.90  per 
cent,  of  iodine.  Girard  found  the  following  percentages  for  various 
kinds  ol  starch,  12.2  per  cent.,  9.8  per  cent.,  7.1  per  cent.,  6.95  per 
cent.,  6.65  per  cent.,  5.9  per  cent.,  5.8  per  cent.,  5.25  per  cent, 
and  4.5  per  cent.  Calculated  closely  these  values  would  corre- 
spond to  the  following  ratios  : 

12.2    per  cent.  =  (CgHj^O^VJ 
9.8    per  cent.  =  (CgH^.O^),! 
7^     per  cent.  =  {C^W^fiX^ 

*  Ann,  Chim.,  VI.,  12,  275. 
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6.95  per  cent.  =  (CgH,oO,)„.3l 
6.65  per  cent.  =  (C,jHi,0,)„.J 
5.9  per  cent.  =  (CjHi,05),3.3l 
5.8  per  cent.  «  {C^Vi^p^\^,^l 
5.2s  per  cent.  =  (QH^OJiJ 
4.5    per  cent.  =  (C^Hj,0,),gI 

As  the  determination  of  the  percentage  of  iodine  in  starch  iodide 
is  influenced  by  various  conditions  it  is  not  very  reliable.  In 
excess  of  iodine  any  dextrins  present  are  included  in  the  starch 
iodide  precipitate,  and  in  the  presence  of  an  excess  of  starch  this 
excess  is  precipitated  with  the  starch  iodide,  at  least  when  the 
starch  iodide  is  precipitated  by  sulphuric  acid.*  Hence  the  pro- 
portions may  well  be  considered  as  approximate  determinations 
neighboring  to  (C.H,.0.)J.  (C.H,.0,).I.  (C.H„0.),.I.  (C.H„0.),.I. 
or  mixtures.  Calculated  upon  a  basis  of  these  related  groups,  the 
percentage  of  free  iodine,  that  is,  not  including  hydriodic  acid,  to 
the  starch  in  starch  iodide  would  be  as  follows : 

(CgHnjOJ^I  =  19.6  per  cent,  iodine  to  starch. 
(C,H,.O.y  =    9-8 
(C,H„0,),J=    6.5 
(C»H,.0,y=    4-9 

Referring  these  values  back  to  the  values  obtained,  the  errors 
would  be  within  the  limits  of  experimental  error.  The  following 
list  includes  also  the  results  of  analyses  made  by  Bondonneau.t 
Rodewald  and  Kattein,|  Seyfert,  §  and  Rouvier: 

Mylius.  1 7  '/f,-i99  ^^ •  I f C  H  O U  -  10 6  ^« 

Seyfert,  18.56%.  P^« "  ■•^»'«  i  -  >  9-0  /c 

Bondonneau,    14  %-i5  %.        )  -,  r  H  n  ^  1  1 
Rodewald  and  ,^  ,  .,    ,^  «  .,    \   Ip  h  o'  M  \  =  HJ  %• 
Kattein,  ^^^  %-M »  ^/c   |    (C.H„0,),I  j        ^*  ' 

Girard,  ,2.2  %  |  ^(C.H,,0,V^  |  ^  ,3^  ^^ 

Rouvier,  8.57  %-9.i2  %•  t  /r  H  O  H  =  O  8  <3{- 

Girard,  98  fc  \  ^^'■^^^^^'"^      ^-o  'Jc 

Girard.  5-8  %-7  i  %■     (C,H,.0,)„I  =  6.5  %. 

Girard,  4-5  %-S-25  %-hcW  OW-  aqcl 

Hale,  4.38  %-4-9  %•  f  ^^•"■•"»)>'^  "  ^^  ^^- 


l<  i(  (I  ((  l( 

<<  <<  H  <•  l( 

((  H  H  «<  <( 


*  These  two  facts  I  have  found  by  experiment, 
t  Comp,  Rend.^  85,  671. 

X  Sitzungber.  d,  Berliner  Akad.^  1899,  2,  628. 
\  Zeitschr.  Angnv,  Chem.,  1 888,  15. 
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There  is  also  the  possibility  that  mixtures  of  the<ie  bodies  exist 
together  and  give  intermediate  values.  If  (CjH^jjOj)^  should  not 
completely  hydrolyze  to  (C^H^^Oj)^  it  might  most  naturally  split  to 
one  molecule  of  (C^Hj^Og^  and  two  molecules  of  (CgHj^Og)^.  These 
proportions  give,  as  seen  in  the  table,  14.7  %  of  iodine,  which 
value  very  closely  agrees  with  Bondonneau's  and  Rodewald  and 
Kattein's  analyses.  Girard's  12.2  %  analysis  might  represent 
another  simple  mixture.  A  mixture  of  2(C^Hj^05)^  and  2{C^H.JJ^\ 
would  form  a  mixture  of  iodides  with  13.06  %  of  iodine. 

The  above  4  bodies  may  be  typified  as  follows  : 

(CjHioO,),!.   R— R— R-R— R— R— R— R 

II      I     li     !l      I      I     H 
R — R — R — R — R — R — R — R 

(C,H,o05),I.  R— R— R— R-R— R— R— R 

II       I      II      1:      I       II 
R-R— R— R— R— R-R— R 

II  II 

R-R — R  -R— R— R— R— R 

II       I     i!      |l     J       II 
R— R— R-R-R— R— R— R 

(C,H„05)„I.  R— R— R— R_R— R— R— R 

II         I       II       i'        I         II 
R  —  K — R — R — R — R — R — R 

II  II 

R — R — R — R  —  R — R —  R — R 

II      I     li     !'     I      II 

R — R— —  R  — R — R — R — R — R 

II  II 

K  _R— R— R— R-R_R— R 

II         I       il       II        I         II 
K— R  —  R— R_R_R  —  R-R 

/\  /\ 

(C.H,o05)„I.  R— R— R^Rr-R— R-R— R 

ill      I       I      I!      i'      I       I      III 
R— R — R^R— R— R —R-R 

R-R  —  fe— R— R— R — R— R 

Hi     I       I     I       '      I       I     HI 
R_R_  K— R— R— R—  R— R 

R — R — K — R — R — K  —  R — R 

II     I    ''    h    I     in 

R-R— R-R— R-R  —  R— R 


R — R — R — R — R — R — R — R 

111      I        I      'I       !.       I        I      Hi 
R-_K—  R— R— R— R— R— R 
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If  we  attempt  to  build  up  a  complete  starch  molecule  in  keeping 
with  the  above  principles  Lintner  and  Diill's  work  offers  the  greatest 
opportunities.  Syniewski's  molecule  may  be  readily  represented 
graphically,  but  when  one  attempts  to  hydrolyze  a  complex  mole- 
cule, builded  up  from  his  amyloin  groups,  most  unnatural  recom- 
binations need  to  be  assumed  in  ordef  to  explain  the  larger  dex- 
trins.  Lintner  and  Duirs  molecule  is  a  large  body,  in  keeping 
with  Brown  and  Morris*  work.  Although  its  molecular  weight 
was  determined  to  be  that  of  {^i^J^^^^^  yet  it  is  probably  the 
simplest  soluble  starch  forming  an  iodide  containing  iodine  in  the 
ratio  which  Mylius  found.  If  we  let  R  be  a  (CgHj^Oj)  group,  as 
previously,  then  for  Lintner  and  Dliirs  soluble  starch,  I  would  sug- 
gest the  accompanying  graphical  structure :  (See  opposite  page.) 

The  linkings  at  different  portions  of  the  chain  may  be  represented 
graphically  as  follows: 


The  end  of  a  chain  : 


H— C— C.(CH0H)3J 


U 

i;-C\(CHOH),.C- 


-  C.  (CHOH  )3.  C— <:— (>-C .  ( CHOH ),. <.'—<;-■ 
H  H   H  H  H    H 

Where  iodine  joins  on,  and  hydrolysis  first  takes  place 

(CH0H)3.C-0— C-<J.(CH0H)3.(:— (>— 
I  H    0 


()    H 

MCHOII)3.0-C- 
H  H   H 

Where  two,  three,  or  four  of  the  smaller  bodies  join  to  form  the 
more  insoluble  starches  of  Rouvier,  Girard  and  myself : 
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H  H  H 

.(CHOH)s 


.(;--<>-<;---€.  (CHOH),.r 


— O— C.(CHOH) 
H 


,n^. 


o   11 

(CHOH),.i-<U 

H  I  H  H 


T 


-h!:--<^  .  ( CHOH  )3.  C— (V-C— C'.  ( CHOH ) 


X 


)— C.(CH0H)3. 


At  the  center : 


A,    H^  \    ^H 


C  H 

H  O 

O  H 

H 
H-C 


/C         H 


c^-^^0'         o.  I     H 


? 


H-C-H 

I 
O 


» ^C.    (CH0H)8.    C-0 
xl 


O  OH 

I  I      I 

C.  (CH0H)8.   C-C 

O  I?*    ^ 


«-°-0     ""X^^H 


H   H 


H 


O 


H 


n. 


O 

I 


STRUCTURE    OF  STARCH   MOLECULE.  i6i 

In  the  complete  structure  dotted  lines,  numbered  I,  2.  3  and  4, 
show  where  the  strained  bonds  are,  where  iodine  joins  on,  and 
where  hydrolysis  probably  first  takes  place.  It  will  be  noticed 
that  in  each  chain  one  line  of  C^Hj^O^  groups,  has  the  aldehydic 
oxygen  attached  toward  the  center  of  the  molecule,  the  other  line 
in  the  opposite  direction.  This  arrangement  is  necessary  for  the 
interlinking  and  offers  a  possibility,  as  shown  later,  of  explaining 
reducing  dextrins.  The  linking  throughout  is  the  same  as  that  of 
two  dextrose  molecules  to  form  maltose,  only  the  dextrose  nuclei 
are  combined  in  groups  of  two,  four  and  six  after  the  manner  of 
paraldehydic  condensations.  The  chief  reason  for  preserving  the 
maltose  linking  throughout  rests  upon  the  fact  that  starch  hydro- 
lyzes  to  maltose  completely  when  treated  with  malt  extract  for  a 
long  time  and  to  dextrose  completely  upon  treatment  with  acid. 
The  molecule  as  represented  has  the  empirical  formula,  C^Hj^O^, 
is  non-reducing,  and  has  three  hydroxyls  for  every  C^W^fi^  group. 
According  to  O'Sullivan  *  the  rotatory  power  of  soluble  starch  is 
(a)^=:222°+.  Lintner  and  DuU's  body,  whose  rotatory  power 
is  196^+,  doubtless  contains  more  water  than  corresponds  to 
C,H,qC)j  in  accordance  with  a  principle  to  be  discussed  later.  The 
formula  presented  agrees  with  Syniewski's  observation  that  carbinol 
hydrolysis  produces  only  soluble  starches  and  carbonyl  hydrolysis 
thedextrins  and  other  bodies  which  are  reducing  in  character. 

This  structure  may  at  first  sight  appear  to  be  very  fanciful.  I 
do  not  claim  that  it  necessarily  represents  the  exact  arrangement 
of  the  starch  molecule,  but  a  possible  graphical  representation  of 
the  facts  of  hydrolysis  of  starch,  etc.,  which  have  been  gathered  in 
the  last  hundred  years.  Many  principles  may  be  learned  from  its 
study  which  harmonize  otherwise  contradictory  results.  Let  us 
examine  the  products  formed  by  splitting  the  molecule  proposed. 

The  first  splittings  would  naturally  take  place  at  the  points  of 
strain,  that  is,  where  iodine  joins  on.  Herzfeld  t  first  mentions 
maltodextrins,  which  are  produced  by  diastase  at  high  tempera- 
tures when  the  hydroly tic  action  is  weakened.  Brown  and  Morris  % 
also  found  maltodextrins,  one  of  which  had  the  structure,  (C,,Hj^- 
Ojo),.C„H„Oj,.  The  production  of  maltodextrins  is  easily  ex- 
plained  by  the  structure   proposed.     The  first  split  would  most 

*Jour.  Chetn.  Soc,  35,  770-785. 

^  B^r.  Chetn.  Geseii.y  1 2,  2 1 20. 

XAnn,  Chem.y  231,  72;  Ber.  Chetn.  GeselL^  24,  3,  723. 
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naturally  produce  a  body  composed  of  six  CjjH^O,^,  groups,  and  it 
is  more  than  likely  that  an  aldehydic  group  would  be  set  free  and 
hydrolysis  take  place  at  the  point  of  disturbance.  Thus  a  malto- 
dextrin  would  be  produced  of  the  formula,  (C,jHj^O,o^5.C„H^,0,j. 
This  body  would  split  to  smaller  bodies,  or  into  halves,  yielding  a 
maltodextrin  of  the  formula,  (C„Hj^O,jj)j.C„H„0„.  A  maltodextrin 
of  this  type  would  be  separated  by  the  next  two  splittings  of  the 
starch  molecule  one  after  the  other. 

I  conceive  the  residue  from  the  first  splitting  as  a  possible  struc- 
ture for  amidulin,  which  the  experimental  work  of  a  former  article  * 
showed  to  be  a  distinct  body  from  soluble  starch,  intermediate 
between  starch  and  erythrodextrin.  The  fact  that  amidulin  is  so 
easily  split  to  erythrodextrin  by  iodine  in  titration  may  possibly 
be  explained  by  the  fact  that  when  iodine  is  pulled  out  of  the 
amidulin  iodide,  there  would  be  a  tendency  to  hydrolyze  at  the 
point  of  disturbance  and  strain.  This  action  might  be  supposed 
to  be  a  characteristic  of  erythrodextrin  also,  but  my  experiments 
proved  it  otherwise.  That  amidulin  is  subject  to  such  action  on 
the  part  of  iodine  may  possibly  be  due  to  the  proximity  of  the  two 
strains  between  amidulin  and  erythrodextrin  at  the  splittings  num- 
bered 2  and  3.  On  the  other  hand  amidulin  iodide  may  be  more 
easily  attacked  than  starch  iodide  because  of  the  greater  solubility 
of  the  former. 

The  assumption  that  amidulin  is  produced  by  the  first  splitting 
also  explains  the  greater  ease  with  which  potassium  iodide  pro- 
duces a  red  or  purplish  color  with  amidulin  and  iodine,  in  accor- 
dance with  the  idea  already  proposed  in  a  preceding  article.f 
Amidulin  iodide  would  have  six  iodine  atoms  on  each  chain.  Four 
of  these  iodine  atoms  would  be  linked  to  a  potassium  iodide  mole- 
cule; the  other  two  would  most  readily  link  to  each  other,  and  in 
the  presence  of  a  fairly  concentrated  solution  of  potassium  iodide 
would  tend  to  attach  to  a  potassium  iodide  molecule.  But  this 
would  give  a  grouping,  KI.I,,  which  would  tend  to  give  a  reddish 
tinge  to  the  iodide.  Even  if  the  iodine  atoms  of  two  chains  were 
linked  together  with  potassium  iodide  there  would  still  be  two 
iodine  atoms  left  for  a  potassium  iodide  molecule. 

By  the  splitting  at  3  the  erythrodextrin  of  Lintner  and  Diill 
would  be  produced  with  a  molecular  weight  of  one  third  that  of 

*  Amer.  Jour,  Set'.,  May,  1902,  379. 
t /////.  Chem.  Jour.y  Dec,  1902,  438. 
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their  soluble  starch.  It  might  have  a  slight  reducing  power  or 
not,  according  as  the  two  end  groups  joined  together  in  similarity 
to  the  end  of  the  original  chain,  or  the  aldehydic  group  remained 
free.  Scheibler  and  Mittelmeier  *  found  that  a  commercial  erythro- 
dextrin,  with  which  they  experimented,  had  an  aldehydic  group, 
but  their  body  by  analysis  of  a  hydrazone  corresponded  to  a 
smaller  body  than  Lintner  and  Dull'sand  may  have  been  produced 
by  a  further  splitting  of  maltose  or  dextrose  from  a  chain  or  two. 
However,  Syniewski  and  several  others  have  claimed  reducing 
dextrins  and  such  reducing  dextrins  can  readily  be*formed  from 
the  structure  proposed.  Lintner  f  claims  that  oxidation  by  per- 
manganate forms  acid  dextrins,  an  effect  which  Scheibler  and 
Mittelmeier  claim  to  have  produced  on  their  commercial  dextrin 
by  means  of  bromine.  Such  an  action  might  rather  be  expected 
than  not  and,  indeed,  may  explain  the  loss  of  iodine  in  hydrolyz- 
ing  amidulin  as  shown  by  my  experiments  in  a  former  article.  X 

The  red  color  of  erythrodextrin  iodide  may  be  explained  by  the 
presence  of  but  two  iodine  atoms  on  each  chain,  and,  arranged  in 
space,  the  chains  would  naturally  diverge  from  each  other,  so  that 
the  most  probable  grouping  of  iodine  and  potassium  iodide  would 
be  KI.I,,  which  has.  been  already  proposed  to  explain  the  red 
starch  iodide.  §  The  effect  of  an  excess  of  potassium  iodide,  as  in 
a  concentrated  solution,  may  simply  intensify  the  red  color. 

The  last  splitting,  at  4,  produces  Lintner  and  Diiirs  achrob. 
dextrin  with  a  molecular  weight  one  third  that  of  their  erythro- 
dextrin. They  describe  it  as  having  a  rotation  of  192°  +  and  a 
reduction  of  10.  These  properties  are  practically  identical  with 
those  of  Musculus  and  Griiber's  ||  achrobdextrin  fi,  the  properties 
of  which  are  given  as  (a)^  =  190°  +  and  R  =  12  (R  is  the  reduc- 
tion).    There  is  no  strained  bond,  hence  no  iodide  can  form. 

Before  discussing  the  splitting  any  further  there  are  some  prin- 
ciples to  be  discussed.  O'Sullivan  ^  came  to  the  conclusion  that 
soluble  starch  and  the  dextrins  all  have  the  same  rotatory  power. 
Brown  and  Heron  °  came  to  the  same  conclusion,  and  later  pre- 

*  Bfr,  Chem.  Gesell.y  23,  2,  3060-3075. 

f  Zeitsfhr,  Angew.  Chem, ,  1 890,  546. 

X  Am.  Jour.  Set. ,  May,  1902,  379. 

\Am,  Chem.  Jour.y  Dec,  1 902,  438. 

\Bul.  Soe.,  30,  54. 

\Jour.  Chem.  Sifc.,  35,  770. 

^  Ann.  Chem.y  199,  165. 
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sented  a  formula,  *  {a\  =  202°  —  o  64  R,  by  which  the  relation  be- 
tween the  reducing  and  rotatory  powers  of  the  products  of  starch 
hydrolysis  is  expressed,  and  which  could  hardly  be  true  if  the  above 
conclusion  were  not  true.  The  question  arises  as  to  why  this  is  so. 
It  would  be  interesting  to  know  whether  the  following  principle 
were  general  or  not,  but  certainly  as  regards  starch  and  the  dex- 
trins  it  appears  that  whether  composed  of  one  C„H^O„  group  or 
many  linked  together,  the  rotation  does  not  vary.  It  appears  also 
that  for  compounds  of  Cj,H^O,,,  and  C„H^O„  the  rotation  de- 
pends upon  the  proportion  of  the  two  groups  in  the  compound* 
This  must  be  the  explanation  of  Brown  and  Heron's  and  Brown 
and  Morris*  work.  It  seems,  too,  by  Johnson's  f  work,  that  com- 
pounds of  dextrose  and  dextrin  show  the  same  characteristic. 
Again,  Brown  and  Heron  obtained  for  granulose,  after  boiling,  a 
rotation  of  219.5°  +  >  O'SuUivan  found  222°  +  for  the  pure  dcx- 
trins  and  soluble  starch ;  pure  dextrose  has  a  rotatory  power  of 
about  53°  +;  pure  maltose  J  has  a  rotation  of  138°  -f .     Now 


So 

O     I    ^^^o 

« 137.5''+. 


53°  +  222'  _^.o 


Hence  the  rule  applies  to  maltose  as  a  compound  of  dextrose  and 
dextrin.  For  the  sake  of  convenience  the  method  of  calculation 
may  be  expressed  in  the  formula : 

(«),  for  ^C.H„0.).XC.H.,0.)  =  ^"^{-^^^^ 

where  (a)^'  is  the  rotation  of  pure  dextrose,  52.6°  +,  and  {a)^  is 
the  rotation  of  pure  soluble  starch,  or  dextrin,  C,H,^0,,  222°  +. 

Cane  sugar  also  answers  in  rotation  to  a  compound  of  levulose 
and  dextrin,  thus: 

CeHjoOfl  +  CgHjjOg  =  CijHj^Oii ; 
(222°+) +  (89.42"-)  ^  1 32J8°  +  ^  ^^ 

2  2  •  9    +• 

The  rotation  for  pure  cane  sugar  is  66.5°  +. 


*  Chem,  NewSf  75,  42. 

\Jour.  Chem.  Soc.^  73,  490. 

X  Herzfeld,  Ber.  Chem.  Gesell.^  28,  440. 
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Likewise  for  compounds  of  maltose  and  dextrin  the  following 
formula  applies : 


(«).  for  ^C,,H^O,,).XC„H^O,  J 


x  +  y 


where  (a)^  is  the  rotation  of  pure  soluble  starch,  or  dextrin,  of 
the  formula,  C„H,^0,j,  and  (a^  is  the  rotation  of  pure  maltose. 
Hence  the  formula  becomes : 


K- 


4r222°  +  y  138' 

X+y 


Maltose,  dextrin,  or  starch  according  to  the  graphical  formula 
cannot  become  aldehydic  without  hydrolyzing,  but  they  may  take 
on  water,  that  is,  hydrate,  without  becoming  aldehydic,  therefore  I 
see  nothing  to  prevent  the  production  of  bodies  which  do  not 
follow  Brown's  formula,  (a)^«  202^  ^  0.64R,  that  is,  the  rotary 
power  may  be  lowered  without  the  body  becoming  reducing  in 
power,  and  to  this  may  be  due  in  some  measure  the  many  dis- 
crepancies in  the  work  of  the  various  chemists.  For  example 
Brown  and  Heron  found  that  for  pure  potassium  granulose 

(4=i65°  +  toi68<^+, 

but  that  upon  neutralization  of  the  alkali  the  rotation  returns  to 
that  of  soluble  starch.  May  this  not  be  explained  by  the  above 
principle,  except  that  potassium  hydroxide,  instead  of  water,  has 
added  icself  without  hydrolyzing  the  molecule,  thus: 


(CHOH) 


(CHOH),.C- 


K 


? 


,i--i-<>4-(c 


— O— €•  ( CHOH ),.  C—C— O--0.  ( CHOH ),. 

CalUng  222^  the  rotation  of  pure  starch  and  138^  the  rotation 
of  pure  maltose  almost  three- quarters  of  the  starch  has  changed  to 
maltose  so  far  as  hydroxyls  are  concerned,  without  the  production 
of  any  reducing  power.     It  is  barely  possible  also  that  another 
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body  which  has  a  lower  rotatory  power  is  produced  in  solution  by 
this  reaction  in  that  the  hydroxyl  is  attached  to  the  aldehydic 
carbon  atom. 

Again  since  dextrin  cannot  become  aldehydic  without  hydrolyz- 
ing,  if  it  shows  reducing  power  it  must  have  a  rotation  lower  than 
that  of  soluble  starch  and  not  greater  than  that  of  the  correspond- 
ing mixture  of  maltose  and  dextrin,  unless  some  of  the  smaller 
dextrins  can  also  be  reducing  without  being  aldehydic.  For 
convenience  in  calculation  the  following  formula  may  be  applied : 

222°  —   n8° 

(a)^=222° -Ror(a)^=  222°-  1.2R. 

I  adopted  the  value  70  for  the  reducing  power  of  maltose,  since 
O'SuUivan  found  66-67  and  even  then  did  not  have  a  pure  product 
as  shown  by  the  rotation  of  148^  +.  Pure  maltose  should  have  a 
reducing  power  slightly  higher  than  67  or  about  70.  Brown  and 
Heron  gave  the  properties  of  maltose  as  (a)^  ss  1 50°  +  and 
R  SB  61.  From  these  data  the  true  reduction  of  maltose  would  be 
71  by  the  formula: 

^      222°-  138*^^ 
I  so""  =  222° ^  -  61 

where  x  is  the  reduction  of  maltose.  From  theoretical  considera- 
tions, since  dextrose  uses  up  five  oxygen  atoms  when  oxidized  by 
Fehling's  solution,*  maltose  should  use  up  seven  atoms  which 
would  give  a  reduction  of  seven  in  ten,  or  seventy  in  a  hundred  ; 
that  is,  in  the  oxidation  of  dextrose  by  cupric  oxide  it  may  be 
considered  that  one  oxygen  atom  oxidizes  the  aldehydic  group  of 
one  end  and  two  oxygen  atoms  the  alcoholic  group  of  the  opposite 
end  of  dextrose  to  carboxyl  groups.  In  maltose  the  action  of  a 
corresponding  three  oxygen  atoms  should  be  lacking  where  the 
two  dextrose  groups  join  together. 

Let  us  examine  the  further  splitting  of  the  starch  molecule, 
keeping  in  mind  the  above  principles — that  dextrin  cannot  become 
aldehydic  without  hydrolyzing,  and  that  hydration  may  take  place 
without  hydrolysis,  that  is,  without  freeing  aldehydic  oxygen, 
although  causing  a  lowering  of  the  rotation. 

Musculus  and  Grtiber'sf  soluble   starch  was  evidently  on  the 


*Fehling,  Ann.  Chem.^  72,  109. 
\  Bull.  Soc,  30,  54. 
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borderland  to  erythrodextrin,  since  it  in  solution  gave  a  reddish 
color  with  iodine.  The  structure  I  have  given  to  amidulin,  formed 
by  a  splitting  at  I,  might  well  answer  for  this  body.     With  its  end 

■ 

aldehydic  groups  free  it  should  have  the  properties,  (a)^=s  215°  + 
and  R  as  5.8 ;  Musculus'  body  had  a  rotation  of  218^  and  a  reduc* 
tion  of  6. 

If  we  should  divide  the  chain  half  way  between  the  dotted  lines 
3  and  4  *  we  should  have  a  body  which  would  correspond  to  Mus- 
cuius  and  Griiber's  achroodextrin  a.  That  body  had  a  reduction  of 
12  and  a  rotation  of  210^.  On  examining  the  molecule  it  is  seen 
that,  if  on  two  of  the  end  groups  of  the  dextrin  the  aldehydic  group 
had  been  set  free  when  the  outer  portion  of  the  chains  had  split  off 
and  consequently  the  same  two  ends  had  hydrolyzed,  the  rotation 
for  such  a  body  should  be  208^  and  R  =  1 1.6.  This  dextrin  Mus- 
cuius  and  Griiber  describe  as  hydrolyzing  with  difficulty  by  dias- 
tase. It  corresponds  in  size  to  approximately  one-half  the  size  of 
Brown  and  Morris'  f  final  dextrin  by  diastase,  or  is  but  slightly 
larger  than  one  fifth  of  the  original  molecule  of  soluble  starch. 
Brown  and  Morris'  soluble  starch  would  then  be  represented  by 
Rouvier's  body,  that  is,  a  soluble  starch  made  up  of  two  of  Lintner 
and  DuU's  molecules,  the  one  under  discussion,  each  chain  being 
joined  as  previously  shown.  %  It  is  possible  that  all  these  chains 
in  the  larger  bodies  join  in  a  ring  in  the  center,  or  that  each  three 
join  separately  as  represented  in  the  structure  given,  or  it  may  be 
that  both  linkings  exist. 

If  we  examine  again  the  properties  of  Lintner  and  DUU's  achro- 
odextrin, or  Musculus  and  Griiber's  achroodextrin  ^,§  it  will  be  seen 
that  their  properties  arc  explained  if  we  assume  that  the  ends  of 
two  chains  have  hydrated,  giving  a  result  of  two  maltose  groups 
in  six  QHioOs  groups,  and  that  the  end  of  only  one  of  these  has  a 
free  aldehydic  group  also.  The  properties  of  such  a  body  should 
be  {a\  =  194°  and  R  =  1 1.8. 

If  we  make  another  splitting  between  four  and  the  ring  we 
should  have  left  the  ring,  which  should  oflTer  more  resistance  to 
hydrolysis  than  the  chains.  The  existence  of  such  a  ring  was 
assumed  partially  in  order  to  explain  the  resistance  of  a  residual 

*See  the  structure  on  page  159. 

•f  Bgr.  Chem.  Gesell.^  24,  3,  723. 

X  See  page  160,  first  figure. 

I  For  the  properties  of  these  bodies  see  page  163,  ^3. 
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dextrin.  O'Sullivan  by  repeated  treatment  with  alcohol  failed  to 
dissolve  out  all  the  maltose  from  his  dextrins ;  a  reduction  in  the 
residue  always  persisted.  May  it  not  be  explained  by  free  alde- 
hydic  groups  on  the  ends  of  the  dextrin  chains  or  by  small  quanti- 
ties of  a  reducing  residual  dextrin. 

A  ring  composed  of  six  maltose  nuclei,  or  a  mixture  of  rings  of 
three  maltose  nuclei,  might  well  represent  Musculus  and  Gruber*s 
achrobdextrin  ;',  the  properties  of  which  are  (a)^=  150°  +,  R  = 
28.  In  this  body  about  half  of  the  maltose  groups  have  hydro- 
lyzed,  freeing  aldehydic  groups  and  the  remainder  have  hydrated 
only.  The  properties  of  such  a  body  should  be  (a)^=  152°+, 
R  =  35.  A  proper  mixture  of  rings  would  exactly  represent  the 
reduction  and  rotation.  This  dextrin  is  not  readily  attacked  by 
diastase. 

Bondonneau's*  dextrins  are  readily  explained  by  hydration  with- 
out the  freeing  of  aldehydic  groups,  or  by  the  closing  together  of 
the  ends  of  the  chains  as  portions  are  split  off. 

Herzfeld's  maltodextrin,  according  to  its  properties,  might  be 
represented  in  some  such  way  as  this : 


,.C— O— C— C.  (CH0H)j.C-<>~-<)-<;.(CH0H)3.C=0 


.(CH0H)3.C-<:— H 


rri 


Herzfeld's  body  had  a  reducing  power  one-third  that  of  maltose, 
and  a  rotation  of  about  170°.  The  body  represented  should  have 
a  reducing  power  of  one  third  that  of  maltose  and  a  rotation  of 

166°+. 

In  examination  of  mixtures  of  hydrolytic  products  it  is  not  neces- 
sary to  conclude  that  maltose  is  split  off,  but  the  aldehydic  groups 
may  be  freed  in  maltose  groups  attached  to  the  maltodextrins  formed, 
or  to  the  residual  dextrins.  Diastase  acting  at  high  temperatures 
and  hence  delayed  in  its  action,  or  retarded  by  potassium  hy- 
droxide, sodium  carbonate,  or  salicylic  acid,  would  naturally  split 

*  Ber,  d,  Chem.  Ges.y  3B,  9,  6  and  69. 
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ofT  simply  maltodextrin  groups  first.  Herzfeld  found  that  his 
maltodextrin  was  produced  by  diastase  above  65^.  O'SuUivan's 
reaction  at  69^  between  diastase  and  starch  produced  a  reducing 
power  in  the  mixture  corresponding  to  one  molecule  of  maltose 
to  five  of  dextrin,  calling  the  simplest  dextrin  CuH^O,,,.  His 
residual  dextrin  in  this  reaction  is  erythrodextrin.  Brown  and 
Heron  found  the  ratio  of  maltose  to  dextrin  at  the  same  tempera- 
ture to  be  one  to  four.  If  we  examine  the  hydrolysis  of  the  starch 
molecule  we  see  that  the  natural  splittings  are  at  i,  2  and  3.  If 
half  of  the  aldehydic  groups  become  free  and  the  other  half  re- 
main combined,  or  recombine,  there  would  be  produced  in  the 
mixture  a  reducing  power  equivalent  to  three  maltose  groups  out 
of  eighteen,  or  one  in  six.  The  reduction  and  rotation  values  for 
the  mixture  would  then  equal  the  values  which  O'Sullivan  found. 
As  the  hydrolysis  progresses,  especially  at  lower  temperatures,  the 
results  become  more  complex  from  the  splitting  up  of  the  malto- 
dextrins  produced. 

Johnson's*  glucodextrins  by  acid  hydrolysis  are  not  readily  ex- 
plained by  the  splitting  off  of  dextrose  instead  of  maltose,  either 
from  the  residual  dextrin  or  from  bodies  of  a  maltodextrin  type, 
for  there  seems  to  be  no  way  of  joining  two  dextrose  molecules 
together  without  dehydration  and  still  keeping  the  aldehydic 
groups  free.  Unless  the  dextrose  molecules  are  tied  by  dehydra- 
tion the  aldehydic  groups  must  be  bonded  together.  If  the  dex- 
trose molecules  are  joined  by  dehydration  they  become  maltose  or 
dextrin,  in  power  of  rotation  approaching  that  of  dextrose  by  a 
sufficient  amount  of  hydration.  No  possible  structure  presents 
itself  for  a  body  of  the  type  of  Johnson's  smallest  gluco-dextrin 
which  has  a  reduction  of  80  and  a  rotation  of  81.8^  -f-,  or  a 
ratio  of  one  dextrin  group  to  five  dextrose  groups,  unless  it  be 
true  that  after  sufficient  hydration  has  taken  place  to  form  bodies 
approaching  dextrose  in  rotation  Fehling*s  solution  gives  a  reduc* 
tion  approaching  dextrose  in  value,  as  if  it  were  a  simple  dextrose 
group.  There  is  no  reason  why  glucoamylins  of  small  molecular 
size  should  not  be  similar  in  reducing  character  to  maltose,  which 
may  itself  be  considered  to  be  a  glucoamylin,  or  glucodextrin,  and 
which  shows  more  reducing  power  than  belongs  to  one  dextrose 
group  in  two. 

The  criticism  may  be  raised  that  in  the  structure  proposed  the 

*Jour.  Chtm.  Soc.^  73,  490-502. 
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three  arms  may  not  be  acted  upon  alike.  This  is  very  true  and 
may  be  seen  really  to  be  the  case  in  actual  experience.  There  is 
only  additional  reason  for  the  conflicting  properties  of  the  products 
of  hydrolysis  of  starch  as  given  by  various  workers.  The  study  of 
the  structure,  as  just  given,  amply  brings  out  the  possibilities  for 
variation  in  the  character  of  the  products,  even  in  dextrins  of  the 
same  molecular  size,  obtained  by  different  chemists. 

It  will  doubtless  be  noticed  that  the  ratio  of  iodine  to  the  starch 
molecule  as  presented  in  the  complete  structure  is  not  quite  I : 
(C.Hj^Oj)^,  but  I, :  (C.Hj^Og),,  The  latter  ratio  is,  however,  as  near 
the  experimental  results  of  analysis  of  starch  iodide  as  the  former, 
and  in  some  cases  nearer,  for  example : 

(C.H^Oj),!,  =  17.42  per  cent. 

Mylius  found  from  17  per  cent,  to  19  per  cent.,  Seyfert  18.56 
per  cent. 

(C6H,,0,),I  =  8.7i  percent. 

Rouvier  found  8.59  per  cent.,  8.63  per  cent.,  8.75  per  cent. 

(C.H,,05)„I,  =  5.81  per  cent. 

Girard  found  5.25  per  cent.,  5.8  per  cent.,  5.9  per  cent.,  6.65  per 
cent. 

(C,H,Pj.\J  =  4.36  per  cent. 

One  of  Girard 's  determinations  was  4.5  per  cent.,  and  my  own 
starch  iodide  gave  a  ratio  of  iodine  to  starch  of  4.38  per  cent. 

The  proposed  structure  seems  then  to  be  an  appropriate  graphical 
representation  of  the  facts  concerning  starch  because  it  explains  so 
many  results  of  starch  hydrolysis  —  molecular  size,  intermediate 
production  of  maltodextrins,  dextrins  with  or  without  reducing 
power  and  of  various  rotatory  powers,  hydrolysis  by  acid,  alkali, 
or  other  reagent,  hydrolysis  of  amidulin  by  iodine,  a  possible  ex- 
planation of  the  formation  of  the  red  and  blue  iodides,  condensation 
into  larger  bodies  and  into  insoluble  starch  cellulose,  and  a  residue 
not  easily  attacked  by  diastase.  It  brings  into  harmony  the  results 
of  Brown  and  Heron,  Brown  and  Morris,  Herzfeld,  Musculus  and 
Griiber,  Bondonneau,  Lintner  and  Dull,Scheibler  and  Mittelmeier, 
Lintner,  O'Sullivan,  Johnson,  Mylius,  Girard,  and  many  others  in- 
cluding a  portion  of  Syniewski's  work. 

The  Kent  Chemical  Laboratory  of  Yale  University. 
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OGDEN  N.  ROOD. 

Professor  Ogden  N.  Rood  was  born  at  Middletown,  Connecti- 
cut, on  the  13th  of  Februar>',  1831.     He  entered  Yale  College  in 
1848,  and  after  remaining  there  for  two  years,  he  transferred  to 
Princeton  and  was  graduated  from  that  institution  in  1852.     After- 
ward he  went  abroad,  and  spent  several  years  of  study  at  the  Uni- 
versity of  Berlin,  and  afterward  at  Munich,  becoming  particularly 
well  acquainted  with  Liebig  in  whose  laboratory  he  worked  for 
some  time.     In  Munich  he  was  married  shortly  before  his  return  to 
this  country,  in  1858,  and  upon  his  return  was  appointed  as  Pro- 
fessor of  Chemistry  in  the  University  of  Troy.     This  institution, 
however,  soon  went  out  of  existence,  and  after  a  year  of  absence 
from  educational  institutions  he  was  installed  in  February  of  1864 
to  the  Chair  of  Physics  at  Columbia.     It  will  be  remembered  that 
his  predecessor  had  been  dropped  on  account  of  his  joining  the 
Confederate  Army  during  the  Civil  War.     From  the  time  of  his 
appointment  in  1864  until  the  time  of  his  death  on  November  12, 
1902,  he  occupied  the  Chair  of  Physics  and  continued  to  develop 
the  department  from  the  very  insignificant  beginning  which  existed 
forty  years  ago,  into  the  large  and  well-equipped  department  as  it 
is  seen  to-day.     During  all  this  time  in  spite  of  his  doing  the 
greater  part  of  the  departmental  work  himself,  until  very  recently, 
he  always  had  at  least  two  or  three  investigations  on  hand,  and 
scarcely  a  year  passed  without  the  publication  of  at  least  one  arti- 
cle which  bore  the  stamp  of  the  careful  experimenter  and  consci- 
entious reasoner,  which  he  always  was.     Even  during  his  stay  in 
Germany,  and  in  the  very  earliest  part  of  his  career  a  number  of 
articles  testified  to  the  early  beginning  of  his  research  work  and  to 
his  serious  character.     In  addition  to  a  large  number  of  articles 
which   appeared   for   the  most  part   in  the  American  Journal  of 
Science,  and  also  a  number  of  public  addresses,  he  issued  in  1879 
Modern  Chromatics,  which  immediately  took  its  position  as  the 
text-book  of  the  artist  and  the  physicist  in  regard  to  color  and 
color  sensation.     Most  of  his  energy  was  devoted  to  experiments 
in  light  and  in  electricity.     His  determination  of  the  time  of  the 
electric  spark,  and  his  work  upon  the  reflection  of  X-rays  found 
their  counterpart  in  his  last  investigation  in  developing  a  method 
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for  measuring  the  conductivity  of  insulators.  In  the  interval,  how- 
ever, he  was  always  working  upon  color  vision,  and  spent  a  num- 
ber of  years  in  perfecting  the  only  practicable  method  for  the 
comparison  of  intensity  of  lights  of  different  colors  by  means  of 
the  instrument  which  he  calls  the  *•  flicker-photomoter." 

The  career  of  Professor  Rood  must  be  of  particular  interest  to 
the  students  and  alumni  of  the  School  of  Mines,  since  his  term  at 
Columbia  is  practically  parallel  to  the  development  of  that  school* 
and  in  all  of  the  departments  of  the  various  courses  he  took  a  keen 
interest  and  contributed,  to  a  considerable  extent,  to  the  success 
by  arranging  for  the  fundamental  work  in  his  science  which  is  so 
fundamental  to  all  engineers.  His  method  of  lecturing  and  pres- 
entation were  unique  and  often  little  appreciated  by  the  student  at 
the  time,  but  in  later  years  the  student  was  sure  to  find  that  many 
of  his  pieces  of  information  existed  in  exactly  the  phraseology  in 
which  they  have  been  presented  by  Professor  Rood.  The  appar- 
ent sternness  of  his  bearing  really  masked  the  kindest  of  hearts,  and 
it  was  only  when  he  felt  that  he  had  been  treated  in  an  unfair  Of 
unmanly  way  t)iat  he  really  became  as  stern  and  unrelenting  as  he 
always  appeared.  No  favor  for  a  friend  was  too  small  or  too  great 
for  his  attention,  and,  on  the  other  hand,  he  usually  took  a  quiet 
satisfaction  in  a  sly  thrust  at  some  person  whom  he  did  not  rank 
in  his  favored  circle.  A  devoted  friend,  and  an  open  enemy,  was 
one  of  his  characteristics.  Aside  from  his  scientific  interest  he  had 
for  years  painted  in  water  colors,  and  was  an  artist  who  commanded 
the  respect  and  appreciation  of  his  fellow  craftsmen.  In  later 
years  he  devoted  himself  to  the  study  of  engraved  gems,  particu- 
larly the  early  Asian  and  Egyptian  seals  and  cylinders  of  various 
sorts,  and  he  had  a  very  fine  collection  of  these  at  the  time  of  his 
death. 
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THE    GEOLOGY    OF    THE    CERRILLOS    HILLS,   NEW 

MEXICO* 

By  DOUGLAS  WILSON  JOHNSON. 

Part  II.     PALAEONTOLOGY. 
Introduction. 

The  following  report  on  the  Palaeontology  of  the  Cerrillos  district 
is  based  upon  a  collection  of  fossils  made  by  the  writer  during  the 
summer  of  1902.  So  far  as  I  am  aware,  no  fossils  have  been  pre- 
viously described  from  this  locality,  with  the  exception  of  a  few 
plant  remains  from  above  the  coal  near  Madrid,  although  brief 
references  to  several  species  of  Ostrea^  Inoceramus^  etc.,  were  made 
by  the  earlier  explorers.  The  region  about  the  Cerrillos  Hills  is 
extensively  broken  and  faulted,  and  the  strata  are  profoundly  meta- 
morphosed. As  a  result,  much  of  the  material  in  the  collection  is 
fragmentary,  perfectly  preserved  fossils  being  rarely  found.  Fos- 
siliferous  horizons  are  not  numerous,  and  as  they  are  more  often 
found  in  widely  separated  localities,  in  a  region  broken  by  many 
faults,  details  of  correlation,  estimates  of  thicknesses  of  beds,  and 
other  desirable  data  could  not  always  be  secured.  In  some  instances, 
however,  excellent  sections  were  exposed,  the  barrenness  of  the 
country  making  it  possible  to  trace  the  succession  of  the  beds  without 
difficulty.  These  sections  ai-e  represented  in  diagrammatic  form  in 
Part  I.  of  this  report,  where  a  detailed  consideration  of  the  stratig- 
raphy will  be  found. 

It  has  been  no  part  of  my  plan  to  present  herein  a  complete 
bibliography  and  synonymy  of  the  fossils  described.  As  a  rule  ref- 
erences are  given  to  other  works  where  such  lists,  together  with 
detailed  descriptions,  may  be  found.  It  has  been  my  endeavor  to 
refer  to  those  works  most  easily  accessible,  unless  for  special 
reasons  some  other  reference  seemed  desirable. 

In  the  preparation  of  this  part  of  the  report  on  the  Geology  of 
the  Cerrillos  Hills,  the  writer  has  profited  continually  by  the  ad- 
vice and  suggestions  of  Professor  Amadeus  W.  Grabau,  for  whose 


*  The  Geology  of  the  Cerrillos  Hills,  New  Mexico.  Part  I.,  "  General  Geology,*' 
and  Part  III.,  "  Petrography,"  are  in  preparation,  and  will  appear  in  the  succeeding 
issues  of  the  Quarterly.  D.  W.  J. 


174  THE    QUARTERLY, 

cordial  interest  he  desires  to  express  his  sincere  gratitude.  I  am 
also  under  obligations  to  Mr.  Timothy  W.  Stanton  for  the  oppor- 
tunity to  make  comparisons  with  certain  of  his  types  in  the  Na- 
tional Museum  at  Washington,  as  well  as  for  valuable  suggestions 
concerning  the  identity  of  some  doubtful  forms.  To  Mr.  Frank 
H.  Knowlton  thanks  are  due  for  the  identification  of  the  fossil  flora 
of  the  region,  and  to  Dr.  Bashford  Dean  for  the  identification  of 
certain  fish  scales.  Mr.  J.  L.  Wells,  of  Cerrillos,  New  Mexico, 
kindly  loaned  several  fossils  as  noted  in  the  descriptions.  To  Miss 
Rena  B.  Johnson  I  am  indebted  for  the  care  and  skill  bestowed 
upon  the  illustrations.  Other  acknowledgments  will  be  found  in 
the  text. 

Geologic  Description. 
The  strata  exposed  in  the  Cerrillos  district  belong  to  three  dif- 
ferent periods,  the  oldest  series  being  that  of  the  Red  Beds,  the  age 
of  which  is  not  known.  These  beds  appear  to  be  wholly  barren 
of  fossils.  It  can  only  be  said  that  the  similar  beds  in  neighboring 
districts  are  wholly  or  in  part  of  Permian  or  Jura-Triassic  age,  and, 
as  seen  in  another  part  of  this  report,  the  evidence  in  the  Cerrillos 
region  indicates. that  they  occupy  a  similar  position  here.  These 
beds  are  exposed  below  fossiliferous  Cretaceous  sandstones  and 
shales  along  the  western  border  of  the  Cerrillos  sheet,  in  what  has 
been  termed  the  Galisteo  Monocline.  They  are  of  very  consider- 
able but  unknown  thickness. 

The  next  period  represented  here  is  the  Cretaceous.     The  beds 

'Consist  of  massive  and  loose  yellow,  gray  and  red  sandstones  and 

calcareous  or  carbonaceous  shales,  and  occupy  a  large  part  of  the 

southern  half  of  the  area  under  consideration.     These  beds  are 

fairly  fossiliferous  in  places,  and  a  consideration  of  their  faunal 

relations  appears  below.     In  a  region  so  broken  and  faulted  it  was 

not  possible  to  secure  accurate  estimates  of  the  thickness  of  the 

:strata,  but  several  typical  sections  are  given  in  connection  with 

>the  consideration  of  the  stratigraphy  to  be  found  elsewhere  in  this 

report. 

Resting  unconformably  upon  the  strata  of  the  preceding  divi- 
sions are  loose,  imperfectly  stratified  sands  of  more  recent  age, 
which  attain  a  thickness  of  a  hundred  feet  or  more  in  places. 
These  beds,  known  as  the  Santa  Fe  Marls,  are  composed  of  the 
finer,  more  distant  material  in  the  great  alluvial  fans  which  spread 
out  from  adjacent  mountain  ranges,  and  so  far  as  observed  con- 
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tained  no  fossils  in  this  region.  The  deposits  represent  at  least 
that  time  interval  included  between  the  beginning  of  the  Upper 
Miocene  and  the  present  epoch ,  and  in  some  regions  outside  of 
the  Cerrillos  district  attain  a  very  great  thickness.  By  the  earlier 
geologists  all  of  these  beds  were  referred  to  the  Tertiary.  A  de- 
tailed discussion  concernmg  them  will  be  found  in  Part  I.  of  this 
report. 

Correlation  of  the  Cretaceous. 

The  following  subdivisions  of  the  western  Cretaceous  are  gen- 
erally recognized : 

Laramie. 

Fox  Hills      )  -. 

L'    u  T>-  f  Montana. 

l<ort  Pierre   ) 

Niobrara        )  ^  ,       , 
t:*    .  r>     .       >  Colorado. 
Fort  Benton  ) 

Dakota. 

All  of  the  fossiliferous  beds  in  the  Cerrillos  district  belong  to 
the  Colorado  and  Montana  formations,  with  the  possible  exception 
of  the  red  sandstones  of  the  Galisteo  Group,  in  which  fossil  tree 
trunks  are  found,  and  which  may  be  of  Laramie  age.  If  the  Da- 
kota is  present,  as  seems  most  probable,  it  only  appears  at  the 
extreme  western  edge  of  the  district  under  consideration,  in  the 
Galisteo  Monocline.  At  the  very  top  of  the  monocline  were  found 
beds  of  Colorado  age,  below  which  there  is  a  considerable  thick- 
ness of  yellow  and  gray  sandstones  under  which  are  seen  the  Red 
Beds.  It  is  probable  that  these  yellow  and  gray  sandstones  belong 
to  the  Dakota,  although  I  have  no  faunal  evidence. 

Cerrillos  Section, 

The  fossils  belonging  to  the  Colorado  group  all  come  from  two 
localities  —  one  of  which  is  a  few  rods  northeast  of  the  smelter, 
just  north  of  the  town  of  Cerrillos.  Almost  in  contact  with  the 
intrusive  mass  at  this  point  was  exposed  a  small  bed  of  dark,  cal- 
careous shales,  striking  N.  45  W.  and  dipping  25  N.,  or  in  toward 
the  intrusive.  This  represents  one  of  the  groups  of  strata  which 
are  found  in  close  proximity  to  the  laccolith,  dipping  in  toward  it, 
the  beds  a  little  further  removed  usually  dipping  sharply  away 
from  the  center  in  all  directions.  From  these  shales  the  following 
fossils  were  collected : 
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(An  interrogation  point  before  the  name  indicates  that  the  iden- 
tification was  made  with  some  doubt.) 


Osirea  Itigubris  Conrad. 
Inoceramus  labiatus  Schlotheim. 
/.  dimidius  White. 
/.  fragUis  H.  &  M. 
Scapkiies  warreni  M.  &  H. 
Prionocylus  ntacombi  Meek, 
P,  wyomingensis  Meek. 


Prionotropis  woolganyizxiXx^. 
Rostellites  daUiv^xAvellsiw^x.  nov. 
?  R.  antbtgua  Stanton. 
Acmcea  cefnllosensis  sp.  nov. 
Sciima  f  conifarmis  sp.  nov. 
Aucella  strongi  sp.  nov.       ♦ 
Beryx  sp.  undet. 


P.  sp.  nov. 

In  his  paper  on  the  Colorado  formation  Stanton  gives  the  follow- 
ing list  of  species  which  are  not  known  to  range  above  the  Colo- 
rado, and  are  all  sufficiently  abundant  and  widespread  to  be  of  use 
in  correlation : 


Ostrea  lugubris, 
Exogyra  colutnbella^ 
Gryphma  newberryi, 
Avicula  gastrodeSf 
GervUlia  propleura^ 
Inoceramus  labiatus^ 
/.  dimidius^ 
I.  fragtlu, 
y.  umbonatus^ 
L  exogyraideSf 
/.  deformiSf 
I,  undabunduSf 


Cardiunt  pauperculum, 
Liopistha  [Psylomya)  meeki, 
L.  (P,)  concentrica, 
Turritella  whitei^ 
Glauconia  coalvUlensis  ^ 
Pugnellus  fusiformis, 
Bacuhtes  gracilis^ 
Buchiceras  swallovi^ 
Scaphites  warrent, 
Prionocyclus^ 
PrioTtotropis, 
Mortoniceras. 


Of  the  last  three  genera  no  species  have  been  found  above  the 
Colorado  formation  in  America. 

An  examination  c  f  the  list  of  fossils  reported  from  the  shales 
just  north  of  Cerrillos,  as  given  above,  shows  that  of  the  fifteen 
species  recorded,  the  first  nine  belong  in  the  list  of  forms  given  by 
Stanton  as  characteristic  of  the  Colorado  formation.  The  next 
two  were  also  found  in  the  same  formation  at  different  points  in 
Colorado,  while  the  last  four,  with  the  exception  of  the  fish  scales 
referred  to  BetyXy  are  new.  That  these  shales  are  of  Colorado  age 
is  thus  established  beyond  question.  As  the  exposure  was  small 
and  the  shales  crushed  and  broken,  no  satisfactory  further  division 
could  be  made ;  any  distinction  such  as  that  between  the  Niobrara 
and  Fort  Benton  was  impracticable,  if  indeed  anything  higher  than 
Upper  Fort  Benton  was  represented. 
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Section  Southwest  of  Santa  Rosa  Mountain. 

Two  miles  southwest  of  Santa  Rosa  Mountain,  where  the  main 
wagon  road  leaves  the  basalt- capped  mesa  for  the  valley  below, 
there  are  exposed  in  the  valley  at  the  foot  of  the  mesa  fossiliferous 
shales  and  sandstones.  The  exposure  is  not  large,  but  a  small 
arroyo  has  removed  some  of  the  looser  shales,  leaving  still  in  place 
the  calcareous  nodules  in  which  the  fossils  are  most  abundant. 

Tha  following  species  were  collected  at  this  locality : 

??  Ostrea  congesta  Conrad.  Baculites  anceps  Lamarck. 

7  Protocardia  rata  E.  and  S.  ?  Helicoceras  pariense  White. 

Astarte  evansi  H.  and  M.  Beryx  sp.  undet. 

Nucula  subplana  M.  and  H.  ?  Area  madridensis  sp.  nov. 

?  Solen  cuneatus  Gabb.  Cypntnetia  ?  sulcata  sp.  nov. 

Lingula  subspatulata  H.  and  M.  Turritella  gahsteoensis  sp.  nov. 

Tfitontum  kanabense  Stanton.  Admetopsis  f  elevata  sp.  nov, 
Natica  sp.  undet. 

Of  the  above  fifteen  species,  Astarte  evansi^  so  far  as  the  writer 
is  aware,  is  restricted  to  the  upper  Fort  Pierre  ;  while  Nucula 
subplana  has  only  been  found  in  beds  containing  a  mingling  of 
Upper  Fort  Pierre  and  Fox  Hill  species.  Protocardia  rara  was 
also  found  at  the  latter  horizon.  Of  the  new  species,  Area  mad- 
ridensis is  found  elsewhere  associated  with  Inoceramus  vanuxemi,  a 
characteristic  Fort  Pierre  type.  Cyprimena  ?  sulcata  is  found  else- 
where associated  with  Astarte  evansi  and  Inoceramus  vanuxemi,  in 
beds  of  Upper  Fort  Pierre  age;  while  in  other  localities  it  occurs 
with  Inoceramus  balchii^  another  Upper  Fort  Pierre  type.  Turri- 
tella galisteoensis  was  not  found  elsewhere  with  any  fossil  whose 
range  is  already  known,  but  occurs  with  Area  madridensis  and  Cy- 
primetia  ?  sulcata  in  beds  most  probably  of  Fort  Pierre  age. 

The  only  one  of  whose  identity  we  are  certain  of  the  fifteen 
species  that  might  occasion  any  doubt  is  Tritonium  kanabettse  Stan- 
ton. This  species  occurs  about  350  feet  above  the  base  of  the 
Cretaceous  section  of  the  Upper  Kanab  valley  in  Utah,  in  beds 
which  Stanton  correlates  with  the  lower  part  of  the  Colorado  for- 
mation. It  is  very  possible  to  conceive,  however,  that  this  form 
might  range  up  into  the  Fort  Pierre,  while  it  is  not  possible  to 
conceive  that  the  other  evidence  will  admit  of  anything  but  a  Fort 
Pierre  age  for  these  beds.  That  the  horizon  is  Upper  Fort  Pierre, 
is  indicated  by  several  of  the  fossils. 
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Madrid  Section, 

The  Madrid  section,  a  diagram  of  which  will  be  found  in  another 
part  of  this  report,  was  made  alpng  a  nearly  east  and  west  h'ne 
passing  through  the  town  of  Madrid,  and  was  about  a  mile  and  a 
half  in  length.  This  section  shows  an  easterly  dipping  series  of 
sandstones  and  shales,  with  several  intrusive  sheets  of  lava.  At 
the  base  of  this  section,  about  a  mile  west  of  Madrid,  are  found 
beds  of  yellow  and  white  sands,  overlain  by  one  of  the  intrusive 
sheets,  as  follows : 

Intruded  sheet  of  lava. 

Massive  sandstone 30  feet 

Shaly  •■  6 

Massive        ** .6 

Shaly  **         .  40 

Shaly  "         with  concretions 30 

(Small  hiatus.) 
Loose  sands  with  concretions, 50 

The  lower  eighty  feet  of  this  section  were  fossiliferous,  the  fos- 
sils gathered  being  mostly  weathered  out,  probably  from  the  con- 
cretions. As,  with  the  exception  of  one  stratum,  no  fossils  could 
be  found  in  place,  no  detailed  separation  of  these  lower  eighty  feet 
could  be  made  on  a  faunal  basis.  The  best  exposures  were  along 
a  steep  hillside,  toward  the  foot  of  which  the  concretions  and  fos- 
sils  had  washed  down,  although  a  few  specimens  were  found  well 
toward  the  top.  Just  above  the  lower  fifty  feet  of  loose  sands  was 
a  thin  stratum  made  up  almost  entirely  of  Ostrea  anomioides  var. 
nanus. 

The  following  forms  were  collected  from  this  horizon : 

Inoceramus  simpsoni  Meek.  Ostrea  ancnnioides  var.  nanus  var. 

/.  cnpsti  var.  barabini  Morton.  nov. 

/.  vanuxemi  M.  and  H.  Endocostea  brooksi  sp.  nov. 

/.  sp.  undet  Area  tnadridensis  sp.  nov, 

Placentweras  placenta  {J^€^'9Ly\       Placenticeras  ?  intermedium   sp. 
?  Stantonoceras  guadcdoupce  nov. 

(Roemer).  P,?  rotundatum  sp.  nov. 

Baculites^  sp.  undet. 

Of  the  above  twelve  species  (of  which  the  last  five  are  new) 
Inoceramus  vanuxemi^  so  far  as  the  writer  is  aware,  does  not  occur 
above  the  Fort  Pierre.  Certainly  it  is  a  characteristic  Montana 
form,  not  occurring  below  that  formation.     On  the  other  hand, 
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Inoceramus  simpsoni^  while  ranging  lower,  has  not  been  found  above 
the  Fort  Pierre.  Of  the  new  forms  Ostrea  anomiaides  var.  nanus 
is  found  elsewhere  associated  with  Inoceramus  vanuxemU  while  we 
have  already  seen  that  a  form  probably  belonging  to  the  species 
Area  madridensis  occurs  in  association  with  Astarte  evansi  and 
other  Fort  Pierre  types.  Inoceramus  cripsti  var.  barabini  is  a  good 
Fort  Pierre  fossil,  but  identical  or  closely  similar  forms  range  much 
higher.  The  remaining  forms  offer  no  conclusive  evidence.  That 
the  fauna  shows  a  Fort  Pierre  age,  there  can  be  no  doubt. 

Half  a  mile  east  of  Madrid,  at  the  top  of  the  Madrid  section,  the 
following  succession  is  found,  given  in  descending  order: 

Loose  sand  (upper  part  concealed) Several  feet. 

Intruded  lava  sheet i  " 

Soft  sandstone 8  « 

Intruded  lava  sheet  ....           . 3  *•*• 

Soft  sandstone  ... lo  ** 

More  indurated  sandstone 9  *' 

Carbonaceous  shales lo  •* 

Sandstone    .....                           ^  ,   ** 

Intruded  lava  sheet 8-10  ** 

Shales 3-4  " 

Coal  seam .'   .  2  " 

In  the  nine-foot  band  of  more  indurated  sandstones  were  numer- 
ous impressions  of  leaves  and  fruits',  mostly  fragmentary.  The 
following  species  were  identified  by  Mr.  F.  H.  Knowlton  from  a 
small  collection  made  by  the  writer : 

Ficus  rhamnoides  Knowlton.  Aralia  ?  sp. 

F,  uncanta  Lesquereux. 

Of  the  above  species  Ftcus  r/tamnotdes  is  only  known  from  the 
Fox  Hills  beds  at  Point  of  Rocks,  Wyoming.  The  next  species 
has  been  reported  from  beds  referred  by  Lesquereux  to  the  Ter- 
tiary. But  the  only  collections  made  from  these  beds  were  those 
made  by  the  Hayden  Survey  many  years  ago,  at  which  time 
Lesquereux  referred  practically  everything  in  the  Fox  Hills  to  the 
.  Tertiary.  No  further  evidence  as  to  the  age  of  these  beds  has 
been  forthcoming,  but  the  conviction  has  been  growing  in  the 

*  minds  of  many  that  they  are  not  Laramie,  as  now  understood,  but 
Montana. 

It  would  seem,  then,  that  the  evidence  of  the  plants  from  the 

•  coal  measures  at  Madrid  indicates  a  Fox  Hills  age  for  the  beds  at 
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that  point.  I  quote  the  following  from  a  letter  I  received  from  Mr. 
Knowlton,  written  on  the  second  of  February  last; 

"  Now  as  to  the  probable  age  as  indicated  by  your  fossils.  I  am 
strongly  of  the  opinion  that  it  is  Upper  Montana,  or,  if  you  please, 
Fox  Hills.  Point  of  Rocks,  whence  came  the  Ficus  rkamnoides^  is 
now  known  to  be  of  this  age,  and  the  other  species  has  not  been 
found  in  what  we  now  know  to  be  true  Laramie." 

Reference  to  Part  I.  of  this  report  will  show  that  I  have  there  set 
forth  in  detail  a  discussion  of  the  stratigraphical  relations  of  these 
beds.  On  the  basis  of  the  stratigraphical  evidence  alone  I  would 
have  no  hesitation  in  referring  the  coal  to  the  Fox  Hills,  and  in 
fact  did  so  refer  it  after  my  earlier  work  in  the  region.  With  the 
corroborative  evidence  of  the  plant  remains,  we  may  consider  the 
Fox  Hills  age  of  the  beds  established  beyond  any  doubt.  The 
opinions  of  the  earlier  geologists,  and  the  evidence  upon  which 
their  opinions  were  based,  will  be  found  in  connection  with  the 
more  detailed  discussion  above  referred  to. 

Acfuvica  Arroyo  Sections. 

One  mile  northwest  of  Grand  Central  Mountain,  in  Achavica 
Arroyo,  are  exposed  a  series  of  sandstones  and  shales,  dipping 
sharply  away  from  the  intrusive  core  of  the  main  uplift,  with  which 
these  beds  are  in  contact  at  the  eastern  end  of  the  section.  At 
the  western  end  the  section  is  terminated  by  a  fault,  beyond  which 
the  beds  dip  toward  the  east,  apparently  away  from  a  smaller  intru- 
sion of  the  lava  a  few  rods  farther  west.  The  whole  formation  is 
profoundly  metamorphosed,  and  the  strike  and  dip  vary  consider- 
ably, the  average  being  about  N.  40  E.  for  the  former  and  50  W. 
for  the  latter. 

The  following  beds  are  exposed,  given  in  descending  order : 

[Fault  cutting  off  section  at  western  end  (top).] 

A.  Sandstones  and  shaly  sands     . 60  feet. 

B.  Sandstones  and  shaly  sands 40     ** 

Small  dyke  or  sheet  of  the  intrusive. 

C.  Shaly  sands 

D.  Shaly  sands 

E.  Sandstones  and  shaly  sands 30     " 

F.  Mostly  shales 20     ** 

Intrusive  core  of  main  uplift. 

The  above  thicknesses  are  only  approximate,  exact  measure- 
ments being  impracticable.  A  few  fossils  were  found  in  each  of 
the  divisions,  as  recorded  below. 


}      40    " 


GEOLOGY    OF    THE    CERRILLOS   HILLS. 


i8i 


A. 


Ostrea  anomiaides  var.  nanus 

var.  nov. 
Inoceramus  vanuxemi  M.  and 

H. 


?  Trigonarca  obliqua  Meek. 
Rostellaria  ?  texana  Conrad. 


B. 


1  Endocostea  typica  Whitfield. 
Cyprimena  f  sulcata  sp.  nov. 


?  Pfotocardia  rara  E.  and  S. 
Baculites  anceps  Lamarck. 


C. 


Cyprimeria?  sulcata  sp.  nov. 
1  Protocardia  rara  E.  and  S. 


Corbula  nematophoja  \^x,fitchi 
var.  nov. 


D. 


Inoceramus  balchti  M.  and  H. 
/.  irregularis  sp.  nov. 


Cyprimeria?  sulcata  sp.  nov. 


E. 


Inoceramus  balchU  M.  and  H.         Ammonites  sp. 

F. 
Ammonites  sp. 

In  several  of  the  above  divisions  were  found  many  specimens 
of  Inoceramus  too  fragmentary  for  identification.  The  ammonites 
in  E  and  Fwere  represented  by  small  fragments  of  the  outer  whorl, 
and  were  apparently  identical  with  some  of  the  Fort  Pierre  types 
found  at  the  base  of  the  Madrid  section,  such  as  Placenticeras? 
totundatum  or  P.f  intermedium, 

Inoceramus  vanuxemi  and  /.  balchii  are  good  Fort  Pierre  types. 
Endocostea  typica  is  only  known  from  the  Fort  Pierre.  Ostrea 
anomiaides  var.  nanus  was  found  elsewhere  with  Fort  Pierre  forms, 
as  was  also  Cypfimeriat  sulcata,  t  Protocardia  mra  occurs  in  the 
Fort  Pierre  beds  southwest  of  Santa  Rosa  Mountains.  So  far  as 
the  writer  knows  Trigonarca  obliqua  has  not  been  recorded  from 
the  Fort  Pierre,  but  it  has  been  found  not  far  below  its  base.  It 
may  range  up  into  Fort  Pierre  beds,  or,  as  shown  by  the  interro- 
gation point,  the  form  found  in  the  above  locality  may  possibly  not 
be  identical  with  it.     Baculites  anceps  seems  to  have  a  rather  cxtcn- 
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sive  range.     The  remaining  forms  indicate  the  Fort  Pierre  age  of 
the  beds. 

Some  distance  farther  south  in  the  Arroyo  and  one  mile  west  of 
Grand  Central  Mountain,  are  found  several  hundred  feet  of  shales 
rich  in  concretions,  which  vary  in  dip  from  20-25°  E.  to  vertical. 
These  shales  are  profoundly  altered,  being  in  contact  with  the 
intrusive  mass  at  the  east.  The  following  fossils  were  gathered  at 
the  western  end  of  the  section,  where  they  are  usually  found  in  the 
concretions. 

f?  Ostrea  congesta  Conrad.        Cyprimeria  f  sulcata  sp.  nov. 
Area  madridensis  sp.  nov.  "  Turritella  galisteoensis  sp.  nov. 

A  number  of  other  forms  were  secured,  but  were  so  fragmentary 
and  altered  that  not  even  provisional  identifications  could  be  made. 
As  the  above  three  species  (concerning  whose  identity  we  are 
sure)  are  all  of  them  new,  and  constitute  the  only  evidence  we 
have  as  to  the  age  of  the  beds,  it  is  evidently  impossible  to  give 
any  definite  opinion  regarding  this  point.  The  fact  that  wherever 
else  these  species  have  been  found  in  the  region  they  have  been 
associated  with  Fort  Pierre  types,  makes  it  appear  probable  that 
these  beds  belong  to  the  Fort  Pierre  group.  Such  evidence  alone, 
however,  cannot  be  considered  conclusive. 

Section  Northwest  of  Waldo, 

Near  the  wagon  road,  three  miles  northwest  of  Waldo,  a  few 
fossils  were  collected  which  had  weathered  out  of  the  shales  over 
which  the  road  passes.  There  is  no  definite  exposure  of  these 
shales  at  this  point,  and  the  fossils  were  found  lying  on  the  surface, 
usually  where  large  concretions  had  broken  apart  but  resisted  the 
weathering  which  removed  the  lighter  shales.  It  will  be  under- 
stood, then,  that  no  definite  horizon  for  the  occurrence  of  these 
forms  can  be  given.     The  following  species  were  represented  : 

Inoceramus  labiatus  Schlotheim.     Placenticeras  placenta  Dekay. 
?  Astarte  evansi  H.  and  M.  P,  sp.  undet. 

Stantonoceras  pseudocostatum  sp.     Baculites  anceps  Lamarck, 
nov. 

Inoceramus  labiatus  is  re^jarded  as  characteristic  of  the  Colo- 
rado formation.  Astarte  ezfansi,  on  the  other  hand,  is  characteristic 
of  the  Montana.  A  single  impression  was  referred  to  that  species 
with  an  interrogation  point,  although  it  seemed  to  the  writer  that 
the  reference  was  most  probably  correct.     The  form  of  Placenti- 
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ceras  placenta  found  here  is  the  large  variety  which  seems  closely 
similar  to  the  New  Jersey  forms.  As  said  before,  the  range  of 
Baculites  anceps  seems  rather  extensive.  The  ancestral  types  of 
Stantonocetas  pseudocostaium  are  found  in  the  Fort  Pierre.  It  is 
apparent  then  that  nothing  definite  can  be  said  with  regard  to  the 
age  of  these  beds,  especially  when  there  is  the  possibility  for  a 
mingling  of  faunas  from  widely  different  horizons  such  as  exists 
at  the  locality  in  question.  No  assumptions  can  be  based  upon 
material  collected  in  such  a  manner  as  these  forms  necessarily 
were,  beyond  that  which  the  fossils  themselves  indicate — that  the 
collection  probably  represents  a  mingling  of  faunas  weathered  out 
from  beds  of  difTerent  ages. 

Galisteo  Monocline  Section, 

A  mile  or  more  west  of  the  above  locality,  just  south  of  the  wagon 
road,  are  exposed  easterly  dipping  shales  which  form  the  most 
eastern  exposure  of  the  Galisteo  Monocline.  About  one  hundred 
feet  of  these  shales  are  shown  between  interbedded  sheets  of  lava, 
and  from  them  the  following  fossils  were  collected : 

Ostrea  lugubris  Conrad.  Inoceramus  sp.  undet. 

1  Astarte  evansi  H.  and  M. 

Since  the  species  Ostrea  lugubns  was  quite  abundant,  and  is  re- 
garded as  characteristic  of  the  Colorado  formation,  it  is  probably 
safe  to  regard  these  shales  as  of  Colorado  age.  The  specimens 
doubtfully  referred  to  Astarte  evansi  may  possibly  be  a  distinct 
species. 

Section  Near  San  Marcos  Reservoir. 

About  one  half  mile  west  of  the  reservoir  in  San  Marcos  Arroyo, 
and  in  a  branch  of  that  arroyo,  was  found  a  large  mass  of  shales 
and  sandstones  apparently  surrounded  by  the  eruptive.  These 
beds  were  naturally  much  altered,  but  the  following  forms  could  be 
identified : 

Inoceramus  vanuxemi  M.  and      Astarte  evansi  H.  and  M. 

H.  ?  Tritonium  kanabense  Stanton. 

Cyprimena}  sulcata  sp.nov.  Baculites  sp.  undet. 

The  occurrence  of  the  first  three  forms  leaves  little  or  no  doubt 
but  that  the  beds  here  represented  are  of  Fort  Pierre  age.  As  seen 
in  a  preceding  section,  Trttonium  kanabense  occurs  in  beds  con- 

•  

taining  an  undoubted  Fort  Pierre  fauna. 

VOL.  XXIV.— 13. 
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Grand  Ccntial  Mountain  Section. 

On  the  western  slope  of  Grand  Central  Mountain,  and  well 
toward  the  summit,  there  was  found  an  inclusion  of  shales  an  acre 
or  less  in  extent,  completely  surrounded  by  the  intrusive.  These 
shales  were  fairly  rich  in  specimens  of  htoceramus,  none  of  which 
it  was  possible  to  identify,  so  fragmentary  and  altered  were  they. 

Section  East  of  CerrUlos, 

Beginning  about  a  mile  east  of  Cerrillos.  and  extending  a  mile 
or  more  further  eastward,  is  exposed  a  great  thickness  of  easterly 
dipping  sandstones.  The  lower  portion  of  these  beds  is  composed 
of  yellow  and  gray  sandstones,  overlying  the  coal  measures  and 
apparently  conformable  with  them.  A  careful  search  revealed  no 
fossils  in  any  part  of  this  series.  The  upper  portion  of  these  beds 
consists  of  deep  red  sandstones,  which  so  closely  resemble  the  sand- 
stones of  the  "  Red  Beds  "  proper  that  considerable  discussion  as 
to  their  age  has  resulted.  There  is  no  evidence  of  any  fault  which 
might  bring  the  Red  Beds  up  above  the  Cretaceous  at  this  point, 
however,  and  the  beds  in  question  seem  to  lie  conformably  upon 
the  undoubted  Cretaceous  below.  In  one  place  in  this  group, 
which  Hayden  has  called  the  Galisteo  Group,  fossil  tree  trunks  are 
abundant,  and  an  examination  of  thin  sections  of  one  of  these  by 
Mr.  Knowlton  proved  it  to  be  a  highly  organized  dicotyledon, 
wholly  unlike  anything  known  from  the  Red  Beds,  but  of  evident 
Upper  Cretaceous  (or  later)  affinities.  The  tree  was  regarded  as 
very  probably  belonging  to  the  genus  Quercus. 

It  seems  most  probable,  then,  that  the  Galisteo  Group  is  of 
Upper  Fox  Hills  or  Laramie  age.  A  full  discussion  of  the  strati- 
graphic  relations  will  be  found  in  Part  [.  of  this  report. 
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DESCRIPTION  OF  SPECIES. 

MOLLUSCOIDEA. 

BRACHIOPODA. 

Lingulidse. 

Genus  LINGULA  Bruguieie. 

LiNGULA  SUBSPATULATA  H.  and  M.     (PI.  I.,  Fig.  11,^,^.) 

For  description  and  synonymy  see  Rep.  Ge(^.  and  Geol.  Expl.  west  of  looth  Mer., 
Vol.  IV.,  Pt.  I.,  p.  169. 

Of  this  species  I  have  one  example  from  the  Cerrillos  region, 
and  several  from  a  locality  a  few  miles  southeast  of  the  area  prop- 
erly under  discussion.  The  specimen  from  the  Cerrillos  district 
was  found  in  the  shales  southwest  of  Santa  Rosa  Mountain,  the 
shell  itself  being  preserved,  except  the  upper  portion  about  the 
beak.  Its  perfect  agreement  with  the  description  of  the  type 
leaves  no  doubt  as  to  its  identity. 

Locality  and  Posttion.—NcsiT  wagon-road  just  south  of  basalt- 
capped  mesa,  two  miles  southwest  of  Santa  Rosa  Mountain,  in 
shales  of  Fort  Pierre  age.  The  more  perfect  specimens,  one  of 
which  is  also  figured,  were  collected  from  the  clay  beneath  the 
Coal  at  the  most  northern  of  the  coal  mines  east  of  the  Ortiz 
Mountains  owned  by  the  Santa  Fe  Gold  and  Copper  Company. 
(Col.  Univ.  Coll.  Pal.,  No.  14960,  a,  b.) 

MOLLUSCA. 

PELECYPODA. 

Ostreidse. 

Genus  OSTREA  Linnaeus. 
OsTREA  ANOMioiDES  var.  NANUS  var.  nov.   (PI.  I.,  Fig.  10,  a,\b^  c,  d,) 

For  description  and  synonymy  of  Ostrea  anomioides  Meek,  see  Bull.  U.  S.  G.  S., 
No.  106,  p.  55. 

Shell  small,  thin,  depressed  plano-convex,  ovate  or  circular  in 
outline;  usually  a  little  straightened  along  cardinal  margin;  no 
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scar  of  attachment  visible.  Lower  valve  rather  shallow,  beak  a 
little  elevated  and  scarcely  projecting  beyond  cardinal  margin; 
muscular  scar  subreniform,  quite  distinctly  impressed,  subcentral ; 
upper  valve  nearly  flat,  muscular  scar  indistinct.  Cartilage  pits 
obscure.  Surface  of  both  valves  ornamented  with  concentric  wrin- 
kles, most  prominent  on  the  upper  valve;  fine  radiating  striae 
seen  near  anterior  margin  of  a  few  lower  valves. 

Greatest  diameter  of  average  specimen,  13  mm.;  breadth,  10-13 
mm.;  convexity,  3  mm. 

This  delicate  shell  occurs  in  great  abundance  at  one  horizon  ex- 
posed a  mile  west  of  Madrid,  making  up  the  greater  part  of  a 
stratum  several  inches  in  thickness.  The  specimens  seem  to  com- 
pare fairly  closely  with  Meek's  description  of  O.  anomiotdes,  except 
that  they  are  decidedly  smaller,  probably  representing  a  dwarfed 
variety  of  that  species.  In  his  description  Mr.  Meek  does  not  refer 
to  the  fine  radiating  striae,  but  the  figure  of  the  lower  valve  of  his 
type  specimen  given  by  White  in  the  Twelfth  Annual  Report  of  the 
U.  S.  Geol.  and  Geog.  Surv.  of  the  Territories,  shows  that  such 
striae  existed. 

Locality  and  Position, — One  mile  west  of  Madrid  in  sandstones 
of  Fort  Pierre  age.  Also  in  Achavica  Arroyo,  one  mile  north- 
west of  Grand  Central  Mountain,  in  strata  of  same  age.  (Col. 
Univ.  Coll.  Pal,  No.  14961.) 

POsTREA  CONGESTA  Conrad. 

For  description  and  synonymy  sec  Bull.  U.  S.  G.  S.,  No.  106,  p.  55. 

In  the  beds  southwest  of  banta  Rosa  Mountain  there  is  one  thin 
stratum  which  is  made  up  almost  entirely  of  a  species  of  Ostrea. 
The  beds  are  so  metamorphosed,  however,  that  it  was  impossible 
to  secure  any  specimens  capable  of  being  positively  identified.  It 
is  quite  evident  that  the  forms  were  extremely  variable,  but  they 
bear  a  general  resemblance  to  Conrad's  species. 

Locality  and  Position. — Near  wagon  road  just  south  of  basalt- 
capped  mesa,  two  miles  southwest  of  Santa  Rosa  Mountain,  in 
strata  of  Fort  Pierre  age.  Also  found  in  the  beds  of  same  (?)  age 
in  Achavica  Arroyo,  one  mile  west  of  Grand  Central  Mountain. 
(Col.  Univ.  Coll.  Pal.  No.  14962.) 

OsTREA  LUGUBRis  Conrad. 

For  description  and  synonymy  sec  Bull.  U.  S.  G.  S.,  No.  io6,  p.  58. 

This  extremely  variable  species  is  well  represented  in  the  Cer- 
rillos  region.     Our  specimens  show  nearly  every  variety  oT  form 
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we  have  seen  figured,  and  vary  in  size  from  those  measuring  ii 
mm.  from  beak  to  base  to  others  twice  as  large.  The.outh'ne 
varies  from  almost  circular  to  subovate  or  subtriangular.  The 
radiating  plications  seem  to  be  more  compressed  and  elevated  in 
some  of  our  specimens  that  in  any  we  have  seen  figured.  Reni- 
form  muscular  scars  are  deeply  impressed  in  some  individuals,  less 
prominent  in  others. 

Locality  and  Position, — A  few  of  our  specimens  came  from  the 
Fort  Benton  shales  just  north  of  the  town  of  Cerrillos,  but  the 
greater  number  were  secured  at  the  top  of  the  Galisteo  Monocline 
south  of  the  road,  several  miles  west  of  Cerrillos,  in  strata  of  same 
age.    (Col.  Univ.  Coll.  Pal.,  No.  14963.) 

Avlculidae. 
Genus  INOCERAMUS  Sowerby. 

Inoceramus  FRAGiLis  H.  and  M.     (PI.  II.,  Fig.  17.) 

For  description  and  sjmonymy  see  Bull.  U.  S.  G.  S.,  No.  106,  p.  76. 

One  poorly  preserved  internal  mold  of  a  right  valve  from  the 
metamorphosed  shales  just  north  of  the  town  of  Cerrillos,  is  re- 
ferred to  this  species.  The  shell  is  higher  than  long,  with  anterior 
side  vertically  truncate;  the  beak  is  pointed,  curves  inward  and 
forwM-d,  and  rises  but  little  above  the  hinge-line.  Obscure  traces 
of  concentric  undulations  still  remain. 

Locality  and  Position, — Just  north  of  Cerrillos.  in  shales  of  Fort 
Benton  age.    (Col.  Univ.  Coll.  Pal.,  No.  14964.) 

Inoceramus  labiatus  Schlotheim. 

For  description  and  synonymy  see  Bull.  U.  S.  G.  S.,  No.  io6,  p.  77. 

In  the  collection  from  the  shales  north  of  Cerrillos  there  is  one 
specimen,  a  part  of  a  right  valve,  which  so  closely  resembles  the 
specimen  figured  on  Plate  XIV.  of  Stanton's  paper  that  it  might 
be  considered  the  original  of  his  Fig.  2  ;  while  a  left  valve  from 
northwest  of  Waldo,  might  be  the  complement  of  his  Fig.  4,  PL  X. 
Associated  with  the  former  were  a  large  number  of  specimens 
which  might  be  the  elongated  forms  of  the  latter  type,  but  which 
are  too  poorly  preserved  to  be  determined  with  certainty. 

It  seems  to  the  writer  that  these  two  forms  are  specifically  dis- 
tinct, but   until   they  are  studied   from   the   standpoint  of  their 
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phylogfeny  the   opinion  of  those  most   familiar  with   the   forms 
should  be  deferred  to. 

Locality  and  Position. — North  of  the  town  of  Cerrillos,  in  shales 
of  Fort  Benton  age.  Also  near  wagon  road,  three  miles  northwest 
of  Waldo,  associated  with  Baculites  anceps  and  Stantonoceras 
pseudocostatutn,     (Col,  Univ.  Coll.  Pal.,  No.  14965.) 

Inoceramus  dimidius  White.     (PI.  II.,  Fig.  18.) 

For  description  and  synonymy  see  Bull.  U.  S.  G.  S.,  No.  106,  p.  78. 

Of  this  small  species  I  have  three  specimens,  one  right  and  two 
left  valves.  They  agree  fairly  well  with  the  revised  description 
quoted  in  Stanton's  paper,  but  as  a  few  additional  points  are  noted 
the  following  is  also  given : 

Shell  very  small,  gibbous,  obliquely  subovate  in  outline ;  hinge- 
line  short  and  straight ;  anterior  margin  subtruncate  above,  slop- 
ing abruptly  backward  below  and  rounding  gradually  into  basal 
margin;  posterior  margin  rounding  from  hinge-line  gradually  and 
regularly  into  basal  margin,  the  latter  being  regularly  convex; 
beaks  small,  pointed,  incurved,  inclined  forward,  situated  close  to 
anterior  margin,  and  projecting  but  slightly  above  cardinal  margin. 
Surface  ornamented  with  regular,  subangular,  concentric  ridges, 
separated  by  moderately  wide  concave  interspaces ;  also  by  con- 
centric lines  between  the  ridges,  which  may  not  be  preserved. 

The  two  most  perfect  valves  in  the  collection  jire  a  little  snfialler 
than  those  figured  in  Stanton's  paper,  and  do  not  preserve  the  finer 
lines  above  referred  to.  The  third  valve  is  larger,  and  retains  the 
more  delicate  markings,  but  is  badly  broken.  It  is  to  be  noted 
that  the  rather  prominent  angle  occurring  about  one  third  of  the 
way  down  the  anterior  margin  of  our  specimen,  is  represented  in 
Fig.  5  of  the  above  bulletin  as  occurring  on  the  posterior  margin ; 
while  the  more  evenly  rounded  outline  is  that  of  the  posterior 
margin  in  our  form,  but  that  of  the  anterior  margin  in  the  former. 

Locality  and  Position, — Just  north  of  the  town  of  Cerrillos  in 
shales  of  Fort  Benton  age.     (Col.  Univ.  Coll.  Pal.,  No.  14966.) 

Inoceramus  simpsoni  Meek. 

For  description  and  synonymy  see  Bull.  U.  S.  G.  S.,  No.  lo6,  p.  79. 

Of  this  species  I  have  only  the  portion  of  a  left  valve,  but  the 
large  size,  great  length,  subtruncate  posterior  margin,  and  long, 
straight  hinge-line  leave  no  doubt  as  to  its  identity.     The  concen- 
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trie  undulations  are  moderately  distinct,  regular,  and  separated  by 
moderately  wide  interspaces.  When  complete,  the  height  of  the 
shell  must  have  been  something  over  four  inches. 

Locality  and  Position. — One  mile  west  of  Madrid,  in  loose  sands 
of  Fort  Pierre  age.     (Col.  Univ.  Coll.  Pal.,  No.  14967.) 

Inoceramus  vanuxemi  M.  and  H.     (PL  III.,  Fig.  19.) 

For  description  and  synonymy  see  Rep.  on  Geol.  of  Black  Hills  of  Dakota,  p.  396. 

To  this  species  a  number  of  fragments  are  referred,  one  of  which 
is  figured  on  Plate  III.  This  specimen  is  from  Achavica  Arroyo, 
a  mile  northwest  of  Grand  Central  Mountain,  and  preserves  traces 
of  the  finer  lines  between  the  concentric  ridges,  some  eight  or  nine 
such  lines  occurring  between  the  crests  of  any  two  ridges  toward 
the  outer  margin  of  shell. 

Other  examples  from  same  locality  show  the  character  of  the 
prominent  subangular  ridges,  and  the  broader  concave  interspaces. 

Locality  and  Position. — Besides  the  one  figured,  several  other 
specimens  from  the  same  locality  are  referred  to  this  species. 
These  occur  in  hard,  metamorphosed  sandstones  of  Fort  Pierre  age. 
At  the  base  of  the  Madrid  section  were  found  two  specimens^  in 
loose  sands  of  the  same  age,  while  in  the  inclusion  of  sands  and 
shales  caught  up  in  lava  half  a  mile  west  of  the  reservoir  in  San 
Marcos  Arroyo  there  was  found  one  fragment  referred  doubtfully 
to  this  species.     (Col.  Univ.  Coll.  Pal.,  No.  14968.) 

Inoceramus  balchii  M.  and  H.     (PI.  II.,  Fig.  i6.) 

For  description  and  synonymy  see  Rep.  U.  S.  G.  S.  Terr.,  Vol.  IX.,  p.  56. 

Of  this  species  I  have  but  two  examples.  They  agree  in  gen* 
eral  with  Meek's  description  given  in  above  reference,  but  seem  to 
be  a  somewhat  less  accelerated  type.  The  concentric  undulations 
are  more  pronounced,  and  extend  further  out  toward  margin  of 
shell. 

To  Meek*s  description  the  following  may  be  added  :  In  addition 
to  the  concentric  undulations,  the  surface  is  ornamented  with  fine 
concentric  lines,  especially  well  shown  in  the  concave  interspaces 
between  the  ridges.  Also,  along  hinge-lines  at  least,  traces  of  faint 
radiating  lines. 

Locality  and  Position. — Achavica  Arroyo  one  mile  northwest  of 
Grand  Central  Mountain,  in  strata  of  Fort  Pierre  age.  (Col.  Univ. 
Coll.  Pal.,  No.  14969.  J 
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Inoceramus  cripsii  var.  barabini  Morton.    (PL  V.,  Fig.  22.) 

For  description  and  synonymy  see  Rep.  U.  S.  G.  S.  Terr.,  Vol.  IX.,  p.  49. 

The  right  valve  figured  on  Plate  V.  is  referred  to  this  species 
as  figured  and  described  by  Meek  in  the  above  cited  reference.  It 
is  the  only  example  of  this  species  occurring  in  the  collection,  and 
was  found  in  the  loose  sands  at  the  base  of  the  Madrid  section, 
associated  with  such  forms  as  /.  stnipsoni,  Endocostea  brooksi^ 
Ostrea  anoniioides  var.  7ianus^  etc.  The  shell  is  about  45  mm.  in 
height,  and  shows  fine  concentric  lines  of  growth  between  the 
somewhat  worn,  regular  undulations. 

Locality  and  Position,  —  One  mile  west  of  Madrid  in  loose  sands 
of  Fort  Pierre  age.     (Col.  Univ.  Coll.  Pal.,  No.  14970.) 

Inoceramus  irregularis  sp.  nov.    (PI.  IV.,  Fig.  21,  a,  ^.) 

Shell  rather  large,  subovate,  very  gibbous,  the  greatest  convexity 
being  in  the  antero-dorsal  region ;  length  (apparently)  about  one 
and  one  half  times  as  great  as  height ;  anterior  end  narrower  than 
posterior ;  ventral  margin  rounding  obliquely  upward  toward 
anterior  margin;  posterior  margin  unknown;  hinge-line  long  and 
straight ;  beak  (absent)  situated  well  toward  anterior  end.  Surface 
ornamented  with  prominent,  extremely  irregular  extravagantly 
developed  concentric  ridges,  separated  by  rather  narrow  inter- 
spaces; finer  markings  not  shown.  Height  85  mm.;  convexity 
left  valve,  25  mm.;  exact  length  not  known,  but  not  greater  than 
130  mm. 

Although  this  species  is  only  known  from  the  internal  mold  of  a 
portion  of  a  left  valve,  its  specific  characters  are  so  pronounced  as  to 
render  future  identification  of  similar  types  practicable.  Even  in  its 
fragmentary  condition  it  is  readily  distinguished  from  /.  simpsoni 
or  /.  oblongus,  which  the  portion  still  remaining  most  resembles,  by 
the  absence  of  subtruncate  posterior  margin  (as  indicated  by  the 
concentric  ridges),  and  also  in  the  case  of  /.  simpsoni^  by  the  evi- 
dent greater  width  as  compared  with  length. 

Locality  and  Position,  —  Achavica  Arroyo,  one  mile  northwest  of 
Grand  Central  Mountain,  in  sandstones  of  Fort  Pierre  age.  (Col. 
Univ.  Coll.  Pal.,  No.  14971.) 

Inoceramus  sp.  nov.  ?    (PI.  III.,  Figs.  20,  a,  b,) 

There  are  in  the  collection  internal  molds  of  both  valves  of  an 
Inoceramus^  still  united,  and  with  a  small  portion  of  the  shell  still 
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adhering  along  the  hinge-line.  As  the  outline  of  the  shell  is  not 
preserved  in  either  case,  I  have  thought  best  not  to  establish  a  new 
species,  although  the  specimeii  appears  to  differ  from  anything  I 
have  seen  described.    The  following  incomplete  description  is  given : 

Shell  of  medium  size,  only  moderately  convex,  umbones  broad 
and  flat;  outline  probably  subovate,  length  greater  than  height; 
hinge-line  long  and  straight;  beaks  incurved,  projecting  but  slightly 
beyond  cardinal  margin.  Surface  ornamented  with  more  or  less 
regular,  small,  low  concentric  undulations.  Convexity  of  right 
valve,  7  mm. 

Locality  and  Position,  —  One  mile  west  of  Madrid,  in  loose  sands 
of  Fort  Pierre  age.     (Col.  Univ.  Coll.  Pal.,  No.  14972.) 

Inoceramus  sp.  undet. 

Inoceramus  is  probably  the  most  abundant  species  found  in  this 
region.  But  since  the  strata  are  usually  greatly  metamorphosed, 
the  fossils  contained  in  them  are  generally  so  crushed  or  altered 
that  few  good  individuals  are  to  be  found.  Hence  it  is  that  al- 
though a  large  number  of  specimens  o{  Inoceramus  were  collected, 
comparatively  few  admitted  of  identification,  while  many  remain 
whose  specific  character  it  is  impossible  to  determine. 

On  the  western  slope  of  Grand  Central  Mountain,  and  well  up 
the  mountain  side,  there  was  found  an  inclusion  of  shales,  caught 
up  and  completely  surrounded  by  the  eruptive.  These  shales 
were  rich  in  several  species  of  Inoceramus,  but  were  so  profoundly 
altered  that  not  one  of  the  specimens  would  admit  of  even  reason- 
ably certain  identification.  As  no  other  fossils  were  found,  no  clue 
as  to  the  definite  age  of  these  shales  could  be  obtained 

In  addition  to  these  fragmentary  specimens  there  were  found 
in  the  shales  just  north  of  the  town  of  Cernllos  a  number  of  poorly 
preserved  forms  of  very  small  size  which  might  be  the  young  of 
l7wceramus. 

Genus  ENDOCOSTEA  Whitfield. 

PEndgcostea  typica  Whitfield. 

For  description  and  synonymy  see  Rep.  Geol.  Black  Hills  of  Dakota,  p.  403. 

Two  impressions  of  Endocostea  in  the  collection  are  referred  to 
Whitfield's  species  with  some  doubt,  as  only  a  small  portion  of 
the  impression  remains  in  each  case.  Judging  from  the  character 
of  the  concentric  undulations,  and  the  distinct  sulcus,  however, 
the  reference  is  probably  correct. 
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Locality  and  Position, —  Achavica  Arroyo,  one* mile  northwest  of 
Grand  Central  Mountain,  in  sandstone  of  Fort  Pierre  age.  (Col. 
Univ.  Coll.  Pal..  No.  14973.) 

Endocostea  brooksi,  sp.  nov.    (PI.  V.,  Fig.  23,  a,  ^.) 

There  are  a  few  specimens  of  Endocostea  in  the  collection  which 
differ  markedly  from  any  species  hitherto  described.  Unfortu- 
nately in  none  of  the  cases  is  the  form  entirely  preserved,  although 
the  specific  characters  are  well  enough  shown,  it  is  believed,  to 
enable  the  identification  of  similar  types  without  difficulty. 

The  entire  shell  was  only  moderately  large,  irregularly  suborbic- 
ular  in  outline,  gibbous,  the  greatest  convexity  being  midway  be- 
tween beak  and  base ;  length  probably  a  little  greater  than  height ; 
anterior  margin  making  an  angle  of  about  90  degrees  with  the 
hinge-line,  and  rounding  gradually  backward  toward  base;  hinge- 
line  long  and  straight;  remainder  of  marginal  outline  not  pre- 
served. Beaks  depressed,  slightly  incurved,  projecting  a  little 
above  hinge-line,  and  placed  near  anterior  margin. 

Surface  ornamented  with  concentric  folds  or  ridges,  which  may 
be  considered  in  two  classes ;  the  first  ten  or  twelve  being  small, 
rather  low,  and  close  together,  and  extending  to  where  the  shell 
attains  its  maximum  convexity  ;  the  last  four  or  five  being  large, 
extravagantly  developed,  situated  far  apart,  and  extending  from 
the  line  of  maximum  convexity  rather  abruptly  downward  to  the 
base  of  the  shell.  When  seen  in  profile  the  shell  presents  two 
distinct  slopes,  making  a  rather  marked  angle  with  each  other,  the 
one  ornamented  with  the  smaller,  closely  arranged  ridges,  the  other 
with  the  large,  extravagantly  developed  series.  These  two  series 
do  not  grade  one  into  the  other,  but  the  change  is  as  sudden  and 
complete  as  that  of  the  angle  in  slope.  In  addition  to  these  folds 
or  ridges  there  are  fine  concentric  lines  of  growth. 

Oblique  sulcus  strongly  marked,  narrow  and  pointed  toward  the 
beak,  but  widening  and  deepening  posteriorly ;  concentric  ridges 
distinctly  crossing  this  sulcus. 

The  character  of  ornamentation  and  the  relation  of  the  same  to 
the  prominent  angle  made  by  the  two  different  slopes  on  the  shell 
will  readily  distinguish  this  species,  which  is  named  after  Mr.  Her- 
bert O.  Brooks,  who  accompanied  the  writer  during  some  of  his 
earlier  work  in  this  region. 
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Locality  aad  Position, — One  mile  west  of  the  town  ot  Madrid,  in 
loose  sands  of  Fort  Pierre  age.     (Col.  Univ.  Coll.  Pal.,  No.  14974  ) 

Genus  AUCELLA  Keyserling. 
AucELLA  STRONGi,  sp.  nov.     (PI.  I.,  Fig.  I,  tf,  ^,  c,  d,  ^.) 

Shell  small,  inequivalve,  convex,  high  and  narrow.  Left  valve 
with  beak  prominent  and  very  strongly  incurved,  placed  along  an- 
terior margin,  and  directed  so  distinctly  forward  as  to  give  it  a 
spiral  form;  posterior  ear  well  extended  and  strongly  marked; 
hinge-line  long  and  straight;  a  prominent,  subtriangular,  concave 
area  is  bounded  on  one  side  by  the  hinge- line,  on  another  by  the 
posterior  ear,  with  which  it  makes  a  distinct  angle,  while  on  the 
third  side  the  area  is  truncated  by  the  anterior  surface  of  the  shell ; 
anterior  portion  (at  least)  of  area  marked  by  transverse  striae. 
Right  valve  (only  one  poor  example  seen)  apparently  less  convex ; 
beak  very  much  less  prominent,  small  and  pointed ;  byssal  groove 
and  notch  not  shown.  Surface  of  both  valves  marked  by  low,  ill- 
deBned  concentric  undulations,  and  fine,  obscure  radiating  striae, 
the  latter  sometimes  being  obsolete. 

Extreme  length  of  average  specimen,  24  mm.;  extreme  breadth, 
18  mm.;  convexity,  10-12  mm. 

This  species  may  be  readily  distinguished  from  the  forms 
described  by  Stanton  and  others  from  the  Pacific  coast  by  its  more 
prominent  posterior  ear  and  well  developed  adjacent  subtriangular 
area,  its  more  incut  ved  beak,  and  the  great  convexity  of  the  shell. 
The  area  is  even  more  prominent  than  that  shown  in  Fig.  9,  PI. 
III.,  of  Lahusen's  monograph  "  Ueber  die  Russischen  Aucellen,"* 
while  the  transverse  striae  were  quite  noticeable  on  one  specimen, 
and  are  possibly  analogous  to  the  radiating  striae  on  the  rest  of 
the  shell.  The  species  is  named  after  Dr.  O.  S.  Strong,  who  ac- 
companied the  writer  in  the  field. 

Locality  and  Position,  —  Just  north  of  the  town  of  Cerrillos,  in 
shales  of  Fort  Benton  age.     (Col.  Univ.  Coll.  Pal..  No.  14975.) 

*«*M6m.  du  Comit6  geologique,"  Vol.  VIII.,  No.  I,  St.  Petersburg,  1888. 
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Arcidse. 

Genus  ARCA  Lamarck. 

Arca  madridensis  sp.  nov.    (PL  I.,  Fig.  2.) 

Shell  small,  convex,  longer  than  wide ;  beaks  quite  prominent, 
incurved,  inclined  forward,  situated  anterior  to  the  middle  ;  cardinal 
margin  almost  as  long  as  shell ;  anterior  margin  rounded,  sloping 
obliquely  back  toward  ventral  margin ;  posterior  margin  subtrun- 
cate ;  ventral  niargin  rounded  in  front,  rather  straight  behind,  ap- 
proximately parallel  with  hinge ;  area  long  and  narrow. 

Surface  ornamented  with  from  20  to  24  prominent,  simple,  radi- 
ating costae,  increasing  in  width  toward  margin,  and  making  the 
latter  beautifully  crenulate.  Dentition  very  obscure,  apparently 
that  of  Arca, 

Length  of  type  specimen  10  mm.;  height  7  mm.;  convexity  of 
single  valve  2.5  mm. 

Of  this  species  I  have  but  two  left  valves,  and  one  badly  dis- 
torted right  valve,  the  latter  of  doubtful  identity.  The  type  speci- 
men is  well  preserved,  except  that  the  dentition  is  obscured  by  the 
matrix,  from  which  it  seems  impossible  to  separate  the  shell  with 
safety. 

Locality  and  Position.  —  The  type  came  from  one  mile  west  of 
Madrid,  in  sandstone  of  Fort  Pierre  age.  The  other  left  valve 
came  from  the  Fort  Pierre  (?)  shales  in  Achavica  Arroyo,  one  mile 
west  of  Grand  Central  Mountain,  and  the  right  valve  from  near 
wagon  road  just  south  of  basalt- capped  mesa  two  miles  southwest 
of  Santa  Rosa  Mountain,  in  shales  of  the  same  age.  (Col.  Univ. 
Coll.  Pal..  No.  14976.) 

Genus  TRIGONARCA  Conrad. 

PTrigonarca  obi.iqua  Meek. 

For  description  and  synonymy  see  Bull.  U.  S.  G.  S. ,  No.  lo6,  p.  92. 

There  are  two  internal  molds  of  Trigonarca  in  the  collection  which 
I  believe  belong  to  this  species ;  they  have  been  so  crushed  as 
to  render  absolute  identification  impossible.  The  imprints  of  the 
concentric  lines  of  growth  have  been  impressed  on  the  molds,  and 
their  non-conformity  along  several  fracture  lines  shows  that  the 
specimens  were  subjected  to  considerable  distortion.     They  agree 
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so  closely  with  the  original  description  in  most  points,  however, 
that  the  reference  is  probably  correct. 

Locality  and  Position.  —  Achavica  Arroyo,  one  mile  northwest  of 
Grand  Central  Mountain  in  sandstone- of  Fort  Pierre  age.  (Col. 
Univ.  Coll.  Pal.,  No.  14977.) 

Nuculidae. 
Genus  NUCULA  Lamarck. 
NucuLA  SUBPLANA  M.  and  H. 

For  description  and  synonymy  sec  Rep.  U.  S.  G.  S.  Terr.,  Vol.  IX.,  p.  99. 

Of  this  species  I  have  but  one  specimen,  retaining  the  shell  with 
surface  markings,  in  part.  As  presumed  by  Meek,  who  had  seen 
only  internal  molds,  the  ornamentation  consists  of  fine  concentric 
striae.  The  shell  itself  is  quite  thin.  The  dentition  and  muscular 
impressions  are  not  shown,  but  in  other  respects  the  shell  agrees 
closely  with  the  original  description. 

Locality  atid  Position. —  Near  wagon  road  just  south  of  basalt- 
capped  mesa,  two  miles  southwest  of  Santa  Rosa  Mountain,  in 
shales  of  Fort  Pierre  age.    (Col.  Univ.  Coll.  Pal.,  No.  14978.) 

Crassatellldae. 

Genus  ASTARTE  Sowerby. 

AsTARTE  EVANSi  (H.  and  M.)  Whitfield.    (PL  V.,  Fig.  24,  ^^,  b,  c^ 

For  description  and  synonymy  see  Rep.  Geol.  Black  Hills  of  Diikota,  p.  413. 

This  species  is  quite  abundant  in  the  Cerrillos  region,  especially 
in  the  Fort  Pierre  shales  southwest  of  Santa  Rosa  Mountain.  The 
shells  agree  closely  with  the  description  given  by  Whitfield.  The 
strong  muscular  imprints  and  crenulate  margins  of  the  valves  are 
well  shown.  The  surface  ornamentation  is  rather  variable,  the 
concentric  lines  being  quite  simple  in  cases,  gathered  into  irregu- 
lar wrinkles  in  others,  or  even  developing  into  fairly  regular  low 
concentric  undulations  separated  by  narrower  interspaces.  Some 
internal  molds  show  traces  of  the  obscure  radiating  lines  mentioned 
by  Meek. 

Associated  with  the  typical  forms  of  A.  evanst  found  in  the  in- 
elusion  of  shales  in  the  lava  west  of  the  reservoir,  were  a  number 
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of  internal  molds  of  smaller  forms  which  are  referred  to  the  young 
of  this  species.  A  wax  impression  of  the  hinge  of  a  moderately 
large  example  shows  the  characteristic  dentition  of  Astarte. 

Locality  and  Position, — Near  wagon  road,  just  south  of  basalt- 
capped  mesa,  two  miles  southwest  of  Santa  Rosa  Mountain,  in 
shales  of  Fort  Pierre  age.  Also  from  inclusion  of  shales  in  lava  in 
branch  of  San  Marcos  Arroyo,  half  a  mile  west  of  reservoir.  An 
impression  from  the  sandstones  along  wagon  road  three  miles 
northwest  of  Waldo  is  referred  to  this  species  with  some  doubt. 
One  specimen  from  the  top  of  the  Galisteo  Monocline,  south  of 
wagon  road,  may  belong  to  this  species.  (Col.  Univ.  Coll.  Pal., 
No.  14979.) 

Cardiidas. 

Genus  PROTQCARDIA  Beyrich. 
?  Protocardia  rara  E.  and  S. 

For  description  and  synonymy  see  Rep.  U.  S.  G.  S.  Terr.,  Vol.  IX.,  p.  176. 

A  few  poorly  preserved  specimens  are  doubtfully  referred  to  this 
species.  They  differ  from  the  typical  P.  rara  in  having  the  radi- 
ating costae  continuing  farther  toward  the  beak.  The  umbonal  re- 
gion is  quite  gibbous,  however,  and  in  other  respects  they  would 
seem  to  agree  fairly  well  with  the  description  given  by  Evans  and 
Shumard.  The  specimens  are  too  fragmentary  to  speak  with  cer- 
tainty. 

Locality  and  Position,  —  Achavica  Arroyo,  one  mile  northwest  of 
Grand  Central  Mountain  in  sandstone  of  Fort  Pierre  age.  Also 
from  near  wagon  road  just  south  of  basalt-capped  mesa,  two  miles 
southwest  of  Santa  Rosa  Mountain,  in  shales  of  same  age.  (Col. 
Univ.  Coll.  Pal.,  No.  14980.) 

Veneridffi. 

Genus  CYPRIMERIA  Conrad. 

Cyprimeria?  sulcata  sp.  nov.     (PI.  VI.,  Fig.  25,  a^  d,  c,  d.) 

Shell  moderately  thick,  of  medium  size,  somewhat  convex,  sub- 
circular  in  outline;  beaks  small,  situated  a  little  anterior  to  the 
middle ;  cardinal  margin  sloping  with  nearly  equal  convexity  in 
both  directions  from  beaks;  anterior  end  regularly  rounded ;  pos- 
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tcrior  end  subtruncate;  veniral  margin  regularly  curved;  hinge 
not  well  preserved,  but  shows  what  appears  to  be  the  dentition  of 
Cypritneria ;  muscular  scars  ovate,  not  often  shown  ;  pallial  sinus 
(only  seen  in  one  specimen)  shallow.  Surface  ornamented  with 
fine  concentric  lines. 

On  internal  molds  the  posterior  portion  of  each  valve  is  marked 
by  a  broad,  shallow  sulcus,  which  originates  on  the  upper  portion 
of  the  shell  posterior  to  the  beaks,  curves  downward  toward  the 
ventral  margin,  is  roughly  parallel  to  the  posterior  margin,  and 
becomes  more  distinct  as  it  progresses. 

Length  of  average  specimen  50  mm. ;  height  43  mm. ;  convexity 
(both  valves)  10  mm. 

This  species  is  very  abundant,  but  since  the  matrix  is  usually  a 
dense  hard  sandstone  considerably  metamorphosed,  or  profoundly 
metamorphosed  shales,  no  perfect  specimens  were  secured.  The 
rather  prominent  sulcus  seems  to  the  writer  to  be  a  character  of 
generic  value,  but  he  does  not  feel  justified  in  establishing  a  genus 
on  the  basis  of  such  fragmentary  material.  The  figure  of  C,  discus 
Math,  which  appears  in  Zittel's  "Grundzuge  der  Palaeontologie,'* 
p.  298  (Eastman's  Zittel,  p.  415)  shows  what  appears  to  be  a 
depression  of  the  nature  found  in  the  specimens  at  hand.  I  have 
not  been  able  to  secure  the  description  of  this  species,  so  cannot 
make  the  desired  comparison. 

Locality  and  Position, — Achavica  Arroyo,  one  mile  northwest  of 
Grand  Central  Mountain,  in  sandstones  and  shales  of  Fort  Pierre 
age.  Two  specimens  from  further  south  in  the  Arroyo,  one  mile 
due  west  of  the  mountains,  in  shales  of  same  (?)  age,  are  doubtfully 
referred  to  this  species.  Near  the  wagon  road  just  south  of  basalt- 
capped  mesa,  two  miles  southwest  of  Santa  Rosa  Mountain,  a 
number  of  specimens  with  portions  of  the  shell  still  adhering  were 
secured  from  shales  of  same  age.  A  few  specimens  from  the  inclu- 
sion of  shales  in  lava  half  a  mile  west  of  the  Reservoir  in  San 
Marcos  Arroyo  are  of  doubtful  identity.     (Col.  Univ.  Coll.  Pal., 

No.  1 498 1.) 

Solenidse. 

Genus  SOLEN  Linn. 
?  SoLEN  cuNEATus  Gabb.     (PI.  L,  Fig.  4.) 

Solen  {Hypogeila)  cuneatus  Gabb,  1869,  Geol.  Surv.  Cal.  Palaeont,  Vol.  II.,  p. 
I75»  Pl-  29,  fig.  61.  ^ 

To  this  species  I  refer,  with  some  uncertainty,  a  poorly  pre- 
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served  right  valve.  The  shell  was  evidently  narrowed  anteriorly, 
as  shown  by  the  lines  of  growth,  which  gradually  approach  the 
straight  hinge  margin  as  they  pass  forward.  The  posterior  end  is 
broadly  convex,  and  the  shell  agrees  closely  in  size  with  Gabb's 
species. 

Locality  and  Position, — Near  wagon  road  just  south  of  basalt- 
capped  mesa,  two  miles  southwest  of  Santa  Rosa  Mountain,  in 
shales  of  Fort  Pierre  age.     (Col.  Univ.  Coll.  Pal.,  No.  14982.) 

Myid®. 

Genus  CORBULA  Bruguiere. 

CoKBULA  NEMATOPHORA  var.  FiTCHi  var.  nov.     (PI.  I.,  Fig.  3.) 

Cf.  Corbuia  nematophora  Meek,  Eleventh  Annual  Rep.  U.  S.  Geol.  and  Geog. 
Sur.  Terr.,  p.  290,  pi.  3. 

Shell  small,  subtriangular,  convex ;  beaks  fairly  prominent,  a 
little  anterior  to  the  middle;  cardinal  margin  sloping  almost 
equally  from  beaks  in  both  directions ;  anterior  end  regularly 
rounded  ;  posterior  end  truncated  above,  rounding  rather  sharply 
into  ventral  margin  below ;  ventral  margin  nearly  straight  pos- 
teriorly, rounding  regularly  into  anterior  margin,  subangular 
umbonal  ridge  extending  from  beaks  to  postero- ventral  margin. 
Surface  ornamented  with  distinct  concentric  ridges,  quite  promi- 
ment,  and  separated  by  wider  interspaces. 

Length  of  average  specimen,  14  mm.;  height,  ii  mm.;  convexity 
of  single  valve,  3-4  mm. 

This  form  is  fairly  abundant,  and  seems  to  preserves  its  features 
without  great  variation.  I  cannot  doubt  its  close  relation  to  C 
nematopliora^  but  it  seems  to  me  that  our  specimens  are  distinct 
from  either  of  the  two  widely  different  forms  figured  by  White. 
The  distinctly  subtruncate  posterior  end  and  straight  posterior 
portion  of  ventral  margin  will  serve  to  distinguish  our  form.  It 
may  be  distinguished  from  C.  filosa  Stanton  by  the  above  fea- 
tures and  the  prominent  concentric  ridges.  The  variety  is  named 
after  Mr.  Hereford  G.  Fitch,  who  accompanied  the  writer  during 
some  of  his  earlier  work  in  this  region. 

Locality  and  Position, —  Achavica  Arroyo,  one  mile  northwest  of 
Grand  Central  Mountain,  in  sandstone  of  Fort  Pierre  age.  (Col. 
Univ.  Coll.  Pal ,  No.  14983.) 
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GASTROPODA. 
Patellidfle. 

Genus  ACMiEA  Eschscholtz. 

AcMiEA  CERRiLLOSENSis  sp.  nov.    (PI.  L,  Fig.  9,  a,  6.) 

Shell  exceedingly  small  for  this  genus,  very  thin,  depressed, 
conical,  apical  angle  large ;  apex  but  slightly  eccentric,  rather  ob- 
tusely pointed;  in  some  specimens  showing  a  slight  tendency 
toward  forward  obliquity ;  aperture  circular.  Surface  ornamented 
by  exceedingly  fine  concentric  striae,  while  near  the  outer  edge  of 
some  specimens  there  seems  to  be  a  slight  tendency  toward  the 
development  of  minute  concentric  ridges.  Uncertain  evidence  of 
radiating  striae  occasionally  seen. 

Diameter  of  average  specimen,  1.5  mm.  Diameter  of  largest 
specimen  seen,  2.5  mm. 

This  tiny  shell  is  exceedingly  abundant  in  the  black  calcareous 
shales  just  north  of  the  town  of  Cerrillos,  and  may  be  readily  dis- 
tinguished from  other  species  of  Acmcea  by  its  minute  size.  The 
extreme  abundance  of  the  shell  without  the  presence  of  larger  in- 
dividuals, together  with  the  indications  of  mature  growth  furnished 
by  the  development  of  the  slight  concentric  ridges,  will  not  admit 
of  its  being  considered  the  young  of  some  larger  species.  On 
none  of  the  specimens  could  a  muscular  scar  be  mide  out.  The 
species  is  referred  to  Acmcea  mainly  on  the  basis  of  its  external 
characters. 

Locality  and  Position, —  North  of  the  town  of  Cerrillos,  in  shales 
of  Fort  Benton  age.     (Col.  Univ.  Coll.  Pal..  No.  14984.) 

Genus  SCURRIA  Gray. 
ScuRRiA?  coNiFORMis  sp.  nov.     (PI.  I.,  Fig.  8,  a,  d.) 

Shell  small,  high  conical,  beak  nearly  central,  apparently  directed 
a  little  forward;  aperture  nearly  or  quite  circular.  Sides  of  shell 
slightly  concave,  the  apical  angle  being  about  65  degrees.  Surface 
ornamented  by  fine  concentric  striae. 

Diameter  of  type  specimen.  6  mm.;  height,  about  3.5  mm. 

I  have  but  three  specimens  of  this  shell,  the  immediate  apex 
in  each  case  being  broken  off.  Enough  remains,  however,  to  in- 
dicate a  more  or  less  distinct  inclination  of  the  apex  to  one  side. 
Regarding  the  generic  relationships  of  this  species  I  am  in  consid- 

VOL.  XXIV.— 14. 
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arable  doubt.  Not  having  the  original  description  of  the  genus 
Scurria  at  hand,  I  have  had  to  rely  on  brief  quoted  descriptions^ 
and  those  I  have  seen  all  describe  the  aperture  as  oval,  or  rounded 
oval.  As  noted  above,  in  the  species  described  the  aperture  is 
nearly  or  quite  rounded.  At  the  same  time  the  very  high  conical 
shape  and  small  apical  angle  distinguish  it  from  other  patelHform 
shells. 

Locality  and  Position. —  North  of  the  town  of  Cerrillos,  in  shales 
of  Fort  Benton  age.     (Col.  Univ.  Coll.  Pal.,  No.  14985.) 

Naticidse. 

Genus  NATICA  Lamarck. 

Natica  sp.  undet. 

Of  this  genus  I  have  but  one  specimen,  from  the  Fort  Pierre 
shales  southwest  of  Santa  Rosa  Mountain.  Although  it  does  not 
seem  to  agree  with  any  described  form,  it  is  too  poorly  preserved 
to  admit  of  specific  identification  or  description.  (Col.  Univ. 
Coll.  Pal.,  No.  14986.) 

Turritellids. 
Genus  TURRITELLA  Lamarck. 

TURRITELLA  GALISTEOENSIS  Sp.  nOV.      (PI.  I.,  Fig.  $ .) 

Shell  rather  small,  elongate,  slender,  sides  straight ;  volutions 
apparently  not  more  then  nine  or  ten  when  full  grown ;  sides  of 
volutions  slightly  convex ;  suture  deeply  impressed.  Surface 
marked  by  tour  to  five  fine,  compressed,  elevated  spirals,  sepa- 
rated by  wide  interspaces;  the  upper  two  spirals  on  each  whorl 
usually  smaller  and  situated  closer  together. 

All  of  the  specimens  at  hand  are  more  or  less  broken,  but  the 
largest  were  apparently  not  more  than  25-30  mm.  in  length; 
diameter  of  last  whorl  about  J-Z  mm. 

This  species  seems  most  closely  allied  to  the  Colorado  variety 
of  Stanton's  Turntella  whitci,  and  it  is  possible  that  those  specimens 
should  be  included  as  a  variety  of  our  species.  It  seems  to  the 
writer,  however,  that  the  smaller  size  of  our  species,  and  the  total 
absence  of  the  finer  intermediate  revolving  striae,  so  far  as  seen, 
make  them  specifically  distinct.  Certainly  our  species  must  be 
regarded  as  undoubtedly  distinct  from  the  typical   T,  whitei,  as 
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shown  by  the  Utah  forms,  while  the  forms  from  Colorado  seem  to 
me  to  be  more  closely  related  to  our  species  than  to  those  from 
Utah. 

Locality  and  Position,  —  Various  places  in  the  Galisteo  Valley  ; 
most  abundant  in  concretions  in  shales  of  Fort  Pierre  age,  near 
wagon  road  just  south  of  basalt-capped  mesa,  two  miles  southwest 
of  Santa  Rosa  Mountain;  also  in  the  Fort  Pierre  (?)  shales  in 
Achavica  Arroyo,  one  mile  west  of  Grand  Central  Mountain. 
(Col.  Univ.  Coll.  Pal.,  No.  14987.) 

Strombidae. 

Genus  ROSTELLARIA  Lamarck. 
RoSTELLARiA?  TEXANA  Conrad. 

Rostellaria?  texana  Conrad  1857,  Rep  .U.  S.  and  Mex.  Bound.  Surv.,  Vol.  I., 
pt.  2,  p.  158,  pi.  13,  figs.  4,  Oy  b. 

There  is  in  the  collection  an  internal  mold  which  agrees  closely 
with  the  one  which  Conrad  referred  to  Rostellafia?^  giving  the 
specific  name  texana.  The  form  of  the  volutions,  the  character  of 
the  depression  near  the  suture,  and  the  general  outline  of  the  speci- 
men are  identical  with  Conrad's  type. 

Locality  and  Position,  —  Achavica  Arroyo,  one  mile  northwest  of 
Grand  Central  Mountain,  in  sandstones  of  Fort  Pierre  age.  (Col. 
Univ.  Coll.  Pal.,  No.  14988.) 

w 

Tritoniidae. 

Genus  TRITONIUM  Link. 
Tritonium  kanabense  Stanton.     (PI.  I.,  Fig.  6.) 

Tritonium  kanabense  Stanton,  1893,  Bull.  U.  S.  G.  S.,  No.  106,  p.  150,  pi.  31, 
fig.  12. 

Of  this  beautiful  species  I  have  a  number  of  examples,  some  of 
which  are  in  a  very  good  state  of  preservation.  Our  forms  are 
larger  than  Stanton's  type  as  a  rule,  but  agree  closely  in  other 
respects  with  his  description.  The  spirals  are  strong,  elevated, 
and  flattened,  and  separated  by  broad  interspaces,  in  which  are 
seen  from  one  to  three  fine  lines,  especially  on  the  last  whorl. 
The  specimens  vary  in  size,  from  those  smaller  than  Stanton's  type 
to  forms  whose  length  was  not  less  than  40  mm.;  and  with  a 
greatest  breadth  of  16  mm. 
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Locality  and  Position. — Near  wagon  road  just  south  of  basalt- 
capped  mesa,  two  miles  southwest  of  Santa  Rosa  Mountain,  in 
shales  of  Fort  Pierre  age.  One  small  specimen  from  the  inclusion 
of  Fort  Pierre  shales  in  lava  half  a  mile  west  of  Reservoir  iii  San 
Marcos  Arroyo  probably  belongs  to  this  species.  (Col.  Univ. 
Coll.  Pal.,  No.  14989.) 

Volutidfie, 

Genus  ROSTELLITES  Conrad. 

Cf.  RosTELLiTES  AMBiGUA  Stanton.    (PI.  I.,  Fig.  7.) 

RostellUes  ambigua  Stanton,  1893,  Bull.  U.  S.  G.  S.,  No.  106,  p.  156,  pi.  33, 
figs.  8-10. 

One  poorly  preserved  internal  mold  seems  most  closely  allied  to 
this  rather  variable  species,  although  the  whorls  are  probably  more 
convex.  The  suture  was  evidently  slightly  channeled,  the  surface 
ornamented  with  closely  set  spirals  and  transverse  costae,  the  latter 
nearly  obsolete  on  body  whorl. 

Locality  and  Position. — ^Just  north  of  Cerrillos  in  shales  of  Fort 
Benton  age.     (Col.  Univ.  Coll.  Pal.,  No.  14990.) 

RosTELLiTES  DALLi  var.  WELLSI  var.  nov.     (PI.  I.,  Fig.  1 3.) 

RostellUes  dalli  Stanton,  1893.  Bull.  U.  S.  G.  S.,  No.  106,  p.  156,  pi.  33,  fig.  13. 
Not  Rostellites  dalli  Stanton,  ibid.^  figs,  ii  and  12. 

Of  this  species  I  have  but  one  specimen,  collected  by  Mr.  J.  L. 
Wells  from  the  shales  near  the  eruptive  core,  in  the  northern  part 
of  the  town  of  Cerrillos.  The  specimen  is  only  fairly  well  pre- 
served, the  front  portion  of  the  shell  and  the  apex  being  absent 
and  the  lips  imperfect.     Following  is  the  description : 

Shell  of  medium  size,  moderately  slender,  fusiform;  spire  ele- 
vated, less  than  aperture  in  length ;  volutions  six  or  seven  in 
number,  convex,  with  narrow  constriction  below  suture ;  body- 
whorl  large,  ventricose  ;  shoulder  angle  prominent,  especially  on 
body- whorl.  Surface  ornamented  with  distinct  moderately  broad 
spirals,  separated  by  somewhat  narrower  interspaces,  and  by  prom- 
inent, rounded  transverse  costae  which  become  obsolete  below  the 
middle  of  the  body  whorl.  On  last  revolution  there  are  about 
twenty  (eighteen  shown  and  part  of  shell  missing)  spirals  and  ten 
of  the  transverse  costae.     Aperture  long  and  narrow,  with  slight 
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notch  at  posterior  end,  as  indicated  by  lines  of  growth  on  shoul- 
der ;  portion  of  shell  near  lips  broken  away.     Apex  not  preserved. 

Length  of  specimen  when  complete  probably  about  70  to  75 
mm. ;  greatest  breadth  when  complete,  about  30  mm. 

The  shell  agrees  closely  with  the  stouter  individual  figured  by 
Stanton.  Through  the  courtesy  of  Mr.  Stanton  I  had  the  oppor- 
tunity to  examine  his  types,  and  was  convinced  of  the  identity  of 
our  form  with  the  stouter  variety.  The  spirals  are  rather  broader 
in  our  form, although  not  nearly  so  much  so  as  Stanton's  figure  would 
lead  one  to  suppose.  At  the  same  time  it  seemed  to  me  that  the 
more  typical  forms  of  Stanton's  types  were  entirely  distinct  from 
the  stouter  individual,  and  while  the  differences  may  not  be  specific, 
they  certainly  warrant  the  removal  of  that  form  to  a  distinct  variety. 
In  this  opinion  Mr.  Stanton  concurred,  and  on  comparing  our  type 
with  his  stouter  form,  he  regarded  them  as  identical. 

The  variety  is  named  for  the  collector,  Mr.  J.  L.  Wells.  I  am 
of  the  opinion  that  the  specimens  figured  in  the  report  of  Herrick 
and  Johnson  on  the  Geology  of  the  Albuquerque  Sheet  *  have 
been  wrongly  identified. 

Locality  and  Position,  —  Just  north  of  Cerrillos,  in  shales  of  Fort 
Benton  age.     (Col.  Univ.  Coll.  Pal.,  No.  14991.) 

Cancellariidae. 

« 

Genus  ADMETOPSIS  Meek. 
Admetopsis?  elevata  sp.  nov.    (PI.  I.,  Fig.  14.) 

Shell  small,  slender,  subconical ;  volutions  slightly  convex,  five 
or  six  in  number  ;  spire  elevated,  acute  ;  suture  slightly  channeled ; 
height  of  body  whorl  equal  to  about  one  half  the  total  height  of 
shell.  Surface  ornamented  by  small,  low,  rather  closely  set,  trans- 
verse costs,  as  well  as  by  indefinite  revolving  lines  ;  lines  of  growth 
also  visible. 

Length  of  average  specimen,  13  mm.;  breadth  6  mm. 

Although  this  species  is  very  abundant,  it  was  not  possible  to 
secure  a  single  perfect  individual.  The  surface  markings  are  only 
known  from  tiny  fragments  of  shell  still  adhering  to  a  few  of  the 
specimens,  but  it  was  seen  that  the  spiral  lines  continue  to  the  top 
of  the  body  whorl,  and  are  also  present  on  the  other  whorls.     In 

*BulI.  Univ.  New  Mexico,  Vol.  II.,  PL  I.,  p.  37,  PI.  III.,  figs.  3  and  5. 
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this  respect  our  species  differs  from  A.  rhomboides  Meek,  to  which 
it  seems  most  closely  related,  as  well  as  in  its  much  more  elevated 
spire,  conical  form,  and  less  convex  volutions.  The  presence  of 
columellar  folds  is  apparently  indicated,  but  of  this  point  I  cannot 
be  certain. 

Locality  and  Position,  —  Near  wagon  road  just  south  of  basalt- 
capped  mesa,  two  miles  southwest  of  Santa  Rosa  Mountain,  in 
shales  of  Fort  Pierre  age.     (Col.  Univ.  Coll.  Pal.,  No.  14992.) 

CEPHALOPODA. 

AMMONOIDEA. 

Lytoceratidae. 

Genus  HELICOCERAS  d'Orbigny. 

?  Helicoceras  pariense  White. 

For  description  and  synonymy  sec  Bull.  U.  S.  G.  S.,  No.  106,  p.  164. 

A  very  small  weathered  fragment  is  doubtfully  referred  to  this 
species.  The  surface  is  marked  by  strong,  rather  abruptly  rounded 
oblique  annulations,  which  are  less  prominent  on  the  inner  side 
of  the  whorl,  while  there  is  doubtful  evidence  of  nodes  on  the 
outer  side. 

Locality  and  Position,  —  Near  wagon  road  just  south  of  basalt- 
capped  mesa,  two  miles  southwest  of  Santa  Rosa  Mountain,  in 
shales  of  Fort  Pierre  age.     (Col.  Univ.  Coll.  Pal.,  No.  14993.) 

Genus  BACULITES  Lamarck. 
Baculites  ancefs  Lamarck.     (PI.  XI.,  Fig.  30.  a,  d,  c) 

For  description  and  synonymy  see  Rep.  U.  S.  G.  S.  Terr.,  Vol.  IX.,  p.  406. 

There  are  a  number  of  specimens  of  Baculites  in  the  collection 
which  are  evidently  identical  with  the  Texas  form  referred  by  Dr. 
Roemer  to  B,  anceps.  In  a  few  individuals  the  obscure  ridges  on 
the  siphonal  margin  are  a  little  more  prominent  than  represented 
in  Roemer*s  figures,  but  this  character  has  been  noted  by  Meek  on 
forms  regarded  as  identical  with  the  Texas  types.  In  some  cases 
the  shell  itself  is  partially  preserved,  and  the  finer  lines  of  growth 
beautifully  shown.  The  septa  are  not  sufficiently  well  preserved 
to  be  made  out. 
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Locality  and  Position.  —  Near  wagon  road  just  south  of  basalt- 
capped  mesa,  two  miles  southwest  of  Santa  Rosa  Mountain,  in 
shales  of  Fort  Pierre  age.  One  poorly  preserved  impression  of 
this  same  species  was  found  associated  with  Inoceramus  labtaius 
and  Stantonoceras  pseudocostatum  near  the  wagon  road  three  miles 
northwest  of  Waldo.  Fig.  30,  c,  is  drawn  from  the  cast  of  an  im- 
pression found  in  the  Fort  Pierre  sandstone  one  mile  northwest  of 
Grand  Central  Mountain,  in  Achavica  Arroyo.  The  shell  was 
evidently  crushed,  and  is  doubtfully  referred  to  this  species.  (Col. 
Univ.  Coll.  Pal..  No.  14993.1) 

Baculites  sp.  undet. 

Near  the  base  of  the  Madrid  section,  one  mile  west  of  the  town, 
were  found  a  few  specimens  of  Baculites  whose  characters  are  too 
poorly  preserved  to  admit  of  identification.  One  badly  altered 
individual  comes  from  the  inclusion  of  shales  caught  up  in  the 
lava  half  a  mile  west  of  the  Reservoir  in  San  Marcos  Arroyo. 

Amaltheidse. 

Genus  PLACENTICERAS  Meek. 
Placenticeras  placenta  Dekay  (sp)?.     (PI.  VII.,  Fig.  26,  a,  b.) 

For  description  and  synonymy  see  Bull.  U.  S.  G.  S.,  No.  io6,  p.  169. 

Associated  with  Stantonoceras  pseudocostatum /in  the  shales  north- 
west of  Waldo,  were  several  fragments  of  this  species  which  seem 
closely  identical  with  the  New  Jersey  types.  The  shell  was  some- 
times a  foot  or  more  in  diameter,  lenticular  in  form,  with  ventrum 
narrowly  rounded  to  flat  and  aperture  elongate  sagittate.  The 
septa  are  not  well  shown,  but  were  apparently  closely  similar  to 
those  of  the  New  Jersey  forms,  being  less  crowded  than  in  the 
western  types  described  by  Meek. 

Associated  with  P,  ?  intermedium  and  P,  f  rotutuiatum,  in  the 
sandstones  west  of  Madrid,  I  found  one  example  which  might 
belong  to  the  smaller  variety  of  this  species  which  Stanton  de- 
scribed from  Colorado  and  Utah,  or  might  be  the  young  of  the 
form  described  above.  The  septa  are  less  crowded  than  in  the 
larger  western  forms  described  by  Meek.  Our  specimen  has  the 
flat  narrow  venter,  smooth  surface,  and  measures  120  mm.  in 
greatest  diameter,  a  portion  of  the  shell  missing. 
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Locality  and  Position.  —  The  larger  form  is  found  in  the  Creta- 
ceous beds  near  wagon  road  three  miles  northwest  of  Waldo.  The 
smaller  form  came  from  one  mile  west  of  Madrid  in  strata  of  Fort 
Pierre  age.     (Col.  Univ.  Coll.  Pal.,  No.  14994  ^i  ^0 

Placenticeras  ?  sp.  undet. 

In  the  collection  from  northwest  of  Waldo  are  a  few  fragments 
of  a  form  which  resembles  P.  placenta  Dekay  in  some  respects,  but 
which  has  more  convex  sides,  faint  lateral  nodes  near  the  periph- 
ery, and  more  rounded  internal  whorls,  while  the  flat  keel  and  more 
or  less  sagittate  form  of  aperture  still  persist.  This  probably  rep- 
resents a  distinct  species,  but  until  better  material  is  available  its 
relations  cannot  be  determined.    (Col.  Univ.  Coll.  Pal.,  No.  14994  c.) 

Placenticeras?  intermedium  sp.  nov.    (PI.  VIII.,  Fig.  27,  a,  b,) 

Shell  of  medium  size,  sublenticular  in  form,  sides  of  outer  whorl 
progressively  increasing  in  convexity ;  ventrum  narrowly  flattened, 
the  flattened  space  bordered  on  each  side  by  small,  compressed, 
alternating  nodes  having  their  longer  diameters  parallel  to  the 
direction  of  the  peripheral  curve ;  these  nodes  becoming  nearly 
obsolete  on  later  portion  of  shell,  where  the  ventrum  is  broader 
and  more  rounded ;  greatest  convexity  of  outer  whorl  near  um- 
bilical angle ;  umbilicus  small,  volutions  deeply  embracing ;  um- 
bilical angle  fairly  well  defined,  and  provided  with  moderately 
strong  pointed  nodes ;  umbilical  angle  of  inner  whorls  very  marked, 
and  provided  with  very  small,  faint  nodes;  a  faint  row  of  nodes 
beginning  to  show  near  ventral  margin,  especially  on  later  portion 
of  outer  whorl.  Surface  showing  obscure  sigmoid  lines  of  growth, 
and  very  faint  traces  of  elongated  prominences  originating  at  the 
nodes  along  the  umbilical  and  ventral  margins.  Septa  similar  to 
Placenticeras  placenta  Dekay,  but  simpler  and  not  at  all  crowded. 

Greatest  diameter  of  type  specimen,  1 10  mm.;  greatest  trans- 
verse diameter  of  body  whorl,  35  mm. 

The  writer  has  in  preparation  a  paper  on  the  development  of  the 
PlacenticeratuicB,  in  which  the  relation  of  this  and  the  following 
forms  will  be  treated  in  detail.  At  present  I  am  only  prepared  to 
say  that  this  species  is  descended  from  the  same  ancestors  as  the 
P,  placenta  oi  Meek,  and  that  from  the  former  {P.  ?  tntemtediufn) 
are  descended  the  species  described  next  below.  The  prchent 
form  is  closely  related  to  P.  placenta  var.  intercalate  Meek,  but  the 
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two  are  very  evidently  not  specifically  identicaj.  As  to  whether 
or  not  it  should  be  classed  under  Placenticeras  I  am  still  uncer- 
tain. It  is  unquestionably  intermediate  in  position  between  the 
immediate  ancestor  of  the  true  Placentictfos  and  the  genus  Stanto- 
noceras  described  below,  but  as  to  the  exact  value  of  its  interme- 
diate characters  I  am  as  yet  in  doubt. 

Associated  with  this  form,  and  directly  descended  from  it,  is  the 
species  PJ  rotundatutn  described  below. 

Locality  and  Position, —  One  mile  west  of  Madrid,  in  sandstone 
of  Fort  Pierre  age.     (Col.  Univ.  Coll.  Pal.,  No.  14995.) 

Placenticeras?  rotundatum  sp.  nov.    (PI.  IX.,  Fig.  28,  «,  *.) 

AmmoniUs  guadalupa  Gabb.,  1872,  Proc.  Acad.  Nat.  Sci.  Phila.»  for  1872,  p.  264, 

pl«  9>  %•  l>  pl*  ^Of  ^SS.  I,  la. 

Not  A,  guadalup*E  Roemer,  Kreide  yon  Texas,  p.  32,  pi.  2,  fig.  I,  a,  ^,  c. 

Shell  of  medium  size,  thick  discoidal.  sides  of  outer  whorl  con- 
vex; ventrum  broadly  rounded  except  on  younger  portion  of 
whorl,  where  it  is  indistinctly  truncated  and  bears  small  compressed 
alternating  nodes  ;  greatest  convexity  of  outer  whorl  midway  be- 
tween umbilical  and  ventral  margins;  umbilicus  small,  volutions 
deeply  embracing ;  umbilical  angle  rounded  and  provided  with 
very  strong  pointed  nodes ;  umbilical  angle  of  inner  whorls  indefi- 
nite, and  provided  with  strong,  prominent  nodes,  which  are  par- 
tially concealed  by  the  outer  enveloping  whorl ;  nodes  near  ventral 
margin  fairly  well  developed.  Surface  marked  by  obscure  sigmoid 
lines  of  growth  and  indefinite  elongated  prominences  inclined  for- 
ward from  the  nodes  along  the  umbilical  angle ;  fainter  promi- 
nences directed  back  from  nodes  near  ventral  margin.  Septa  not 
well  preserved,  but  evidently  similar  to  typical  Placenticeras ^  al- 
though less  crowded. 

'Greatest  diameter  of  type  120  mm^  greatest  transverse  diameter 
of  outer  whorl,  40  mm. 

This  form  is  the  direct  descendant  of  P,  intermedium^  but  has  so 
far  advanced  as  to  make  it,  in  the  opinion  of  the  writer,  specif- 
ically distinct.  It  may  be  distinguished  from  that  form  by  the 
much  greater  thickness  of  the  shell  as  a  whole,  the  entire  loss  of 
.sagittate  form  of  aperture,  the  greater  prominence  of  the  nodes 
near  the  umbilical  and  ventral  margins,  the  more  rounded  umbili- 
cal angle,  the  large  nodes  on  the  umbilical  angle  of  the   inner 
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whorls,  the  loss  of  the  alternating^  nodes  at  a  much  earlier  stage, 
and  the  more  broadly  rounded  ventre. 

That  Ammonites  guadaloupce  Roemer  is  descended  from  this  form 
is  also  evident.  But  it  seems  to  the  writer  that  the  former  has  so 
far  advanced  as  to  make  it  specifically  distinct  from  our  type.  The 
typical  guadaloupce  may  be  distinj^juished  from  P,f  rotundatum  by 
the  much  greater  development  of  the  nodes  near  the  ventral  mar- 
gin of  the  former,  the  greater  distance  of  the  inner  row  of  nodes 
from  the  umbilical  suture  (a  result  of  the  loss  of  the  umbilical 
angle  due  to  the  distention  of  the  shell  below  that  angle  by  the 
increasing  convexity  of  the  next  inner  whorl),  and  by  the  fact 
that  the  youngest  portion  of  the  outer  whorl  is  much  more 
maturely  developed  than  even  a  much  later  stage  in  our  type. 

As  stated  in  the  description  of  P,  ?  intermedium^  the  reference  of 
this  species  to  Placenticeras  is  not  final,  and  cannot  be  until  the 
further  study  of  more  and  better  material  is  completed. 

Locality  and  Position.  —  One  mile  west  of  Madrid,  in  sandstones 
of  Fort  Pierre  age.     (Co).  Univ.  Coll.  Pal.,  No.  14996.) 

Genus  STANTONOCERAS  gen.  nov. 

Genotype.  —  Stantonoceras  pseitdocostatum  Johnson. 

Shell  large  in  typical  species  ;  descended  from  the  same  ancestor 
as  Placenticeras  ;  having  stages  of  growth  corresponding  to  ancestral 
types  which  possessed,  in  succes.sive  generations,  keels  that  were 
very  narrowly  flat,  channeled,  and  alternately  nodose ;  but  so  far 
advanced  at  maturity  as  to  bear  little  or  no  resemblance  to  the 
typical  Placenticeras  ;  outer  whorls  broadly  rounded  or  subquadrate 
in  cross-section;  moderately  embracing;  definite  ventral  keel 
nearly  or  quite  obsolete;  umbilical  angle  nearly  or  quite  impercep- 
tible; surface  ornamented  with  more  or  less  prominent  nodes, 
elongated  nodes  or  pseudocostae ;  septa  similar  to  those  of  Placen- 
ticetas,  but  more  simple  and  less  crowded. 

Although  somewhat  less  accelerated  than  the  type  of  this  genus, 

I  am  of  the  opinion  that  Ammonites  guadaloupce  Roemer  should  be 

included  here.     It  is  of  course  one  of  the  transition  types,  and  its 

generic  reference  must  be  more  or  less   a   matter  of  judgment. 

But  it  has  advanced  so  far  from  the  original  stock,  and  has  so  many 

features  in  common  with  this  genus,  that  it  seems  to  me  impossible 
to  classify  it  elsewhere. 
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?  Stantonocekas  GUADALOUPiE  Roemer  (sp.). 

Ammonites guadaloupa  Roemer,  1852,  Kreide  v.  Tex.,  p.  32,  pi.  2,  fig.  i,  tf,  b,  c. 

Associated  with  the  ancestral  types  of  this  species,  or  possibly 
from  a  somewhat  higher  horizon,  at  the  base  of  the  Madrid  sec- 
tion, was  one  very  poorly  preserved  specimen  which  probably 
belongs  here.  Both  the  outer  and  inner  rows  of  nodes  were  very 
highly  developed,  while  the  inner  coils  were  apparently  much  more 
highly  developed  than  in  the  closely  related  form,  P,  ?  rotundatunt. 
Sigmoid  lines  of  growth  are  well  shown.  The  shell  is  too  badly 
crushed  to  permit  of  accurate  identification. 

Locality  and  Position. — One  mile  west  of  Madrid,  in  sandstones 
of  Fort  Pierre  age.     (Col.  Univ.  Coll.  Pal.,  No.  14997.) 

Stantonoceras  pseudocostatum  sp.  nov.    (PI.  X.,  Fig.  2%a\ 

PI.  XI.,  Fig.  29,  b,  c) 

Shell  large,  outer  volutions  subquadrate  in  cross- section,  em- 
bracing about  one  half  of  the  next  inner  coil ;  venter  broadly 
rounded,  indistinct  outline  of  narrow  keel  remaining ;  umbilical 
angle  obsolete,  shell  thinning  out  gradually  to  a  wedge-like  form 
toward  umbilical  suture.  Surface  ornamented  by  prominent,  com- 
pressed elevated  ridges,  formed  by  the  elongation  and  coalescence 
of  the  nodes  nearest  the  umbilicus  with  one  of  the  outer  series, 
while  each  of  the  remaining  nodes  of  this  latter  series  appears  as 
a  shorter  ridge,  between  each  two  of  the  longer  ones.  These 
pseudocostae  are  extremely  prominent  on  the  ventro-lateral  angle, 
being  high  and  broad,  but  decrease  in  prominence  toward  the 
umbilicus  until  about  two  thirds  of  the  way  across  the  side  of  the 
whorl,  when  they  enlarge  slightly,  and  then  become  obsolete. 
This  last  enlargement  marks  the  position  of  the  node  which  in 
ancestral  types  occurs  at  the  umbilical  angle.  The  septa  are  badly 
worn,  making  the  sutures  appear  much  simpler  on  some  parts  of 
the  shell  than  on  others,  but  enough  remains  to  show  that  they 
were  similar  to  those  of  Placenticeras,  but  not  crowded. 

From  the  standpoint  of  its  development  this  species,  which  is 
only  known  from  the  portions  of  two  outer  whorls  and  the  impres- 
sion of  the  third  inner  one,  is  most  interesting.  The  portion  of 
the  first  inner  whorl  is  figured  on  Plate  XL,  and  it  will  be  readily 
seen  that  it  corresponds  closely  with  the  outer  whorl  of  S.  {Am- 
monites)  guadaloupcB  Roemer,  except  for  the  slight  distortion  pro- 
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duced  by  the  enveloping  whorl.  This  represents  the  guadalaupcB 
stage  in  the  development  of  5".  pseudocostaium.  The  nodes  are 
here  distinct,  and  show  only  the  beginnings  of  the  elongations 
which  reproduce  the  form  of  costae  at  a  later  stage.  Traces  of  the 
narrow  keel  with  the  alternating  nodes  are  distinctly  seen  on  the 
rounded  venter. 

A  wax  impression  of  the  next  inner  whorl  is  figured  on  Plate 
XL  Here  we  see  the  exact  reproduction  of  the  younger  portion 
of  the  outer  whorl  oi  Placenticetas?  intermedium  Johnson,  and  have 
the  intetmedium  stage  in  the  development  of  5.  pseudocostatum. 
The  lenticular  shape,  narrowly  truncated  periphery,  and  alternat- 
ing compressed  nodes,  having  their  longer  diameters  parallel  to 
the  peripheral  curve,  are  well  shown,  even  in  so  small  a  fragment. 
The  accompanying  figure  shows  the  above  stages  as  seen  in  cross- 


Cross-sectioD  of  Stantonoceras pseudocostatum  Johnson.     Reduced  one  half. 

section.  As  I  shall  show  more  fully  in  the  forthcoming  paper, 
the  intermediate  stages  can  be  carefully  traced  in  other  forms,  as 
well  as  those  stages  preceding,  in  which  latter  case  the  further 
changes  are  (in  reverse  order)  from  the  alternating  noded  keel  to 
the  channeled  keel,  then  to  the  flat,  and  still  earlier  to  the  rounded 
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form.  The  development  of  the  pseudocostae  will  also  be  taken  up 
in  greater  detail,  but  it  is  interesting  to  keep  in  mind  the  fact  that 
costs  appearing  much  or  quite  the  same  in  form,  may  have  en- 
tirely different  origins. 

Locality  and  Position. — Near  wagon  road,  three  miles  northwest 
of  Waldo,  in  strata  of  Cretaceous  age.  (Col.  Univ.  Coll.  Pal.,  No. 
14998.) 

Genus  PRIONOCYCLUS  Meek. 
Prionocyclus  wyomingensis  Meek. 

For  description  and  synonymy  see  Bull.  U.  S.  G.  S.,  No.  106,  p.  171. 

Of  this  species  I  have  only  the  impression  of  a  portion  of  the 
outer  (?)  and  an  inner  whorl,  but  the^extreme  irregularity  of  the 
costae,  the  elongated  nodes  near  the  umbilicus,  from  which  nodes 
two  costae  frequently  spring,  and  the  smaller  costae  between  the 
larger  nodose  ones,  leave  no  doubt  as  to  the  identity  of  the  form. 

Locality  and  Position. — Just  north  of  the  town  of  Cerrillos,  in 
shales  of  Fort  Benton  age.*  (Col.  Univ.  Coll.  Pal.,  No.  14999.) 

Prionocyclus  macombi  Meek. 

For  description  and  synonymy  see  Bull.  U.  S.  G.  S.,  No.  106,  p.  172. 

In  the  shales  just  north  of  Cerrillos  were  found  one  adult  indi- 
vidual of  this  species  and  a  number  of  young  examples.  In  the 
adult  the  characteristic  septa  are  fairly  well  shown,  and  the  form 
and  ornamentation  agree  in  detail  with  the  description  and  figures 
referred  to,  leaving  no  doubt  as  to  its  identity.  Fragments  of 
specimens  35  to  50  mm.  in  diameter  show  the  minute  crenulations 
of  the  keel  and  the  strong  nodes  characteristic  of  the  species  at 
this  stage. 

Locality  and  Position.  —  North  of  the  town  of  Cerrillos,  in  shales 
of  Fort  Benton  age.    (Col.  Univ.  Coll.  Pal.,  No.  15000.) 

Prionocyclus  sp.  nov.    (PI.  I.,  Fig.  15.) 

Associated  with  P.  macombi  and  Pnonotropis  woolgari,  in  the 
shales  just  north  of  the  town  of  Cerrillos,  were  found  a  large  num- 
ber of  young  ammonoids,  usually  so  firmly  imbedded  in  the  matrix 
or  so  profoundly  altered  by  metamorphism  that  only  small  frag- 
ments could  be  secured.  These  small  individuals,  an  example  ot 
which  is  figured  on  Plate  I.,  were  at  first  doubtfully  referred  to 
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the  young  of  Prionocyclus  inacombi^  although  they  were  seen  to 
differ  markedly  from  the  figure  of  a  young  example  of  that  species 
given  on  Plate  XLI.  of  Stanton's  paper.  The  following  descrip- 
tion of  one  of  our  forms  may  serve  to  make  its  relations  clearer. 

Shell  discoidal,  umbilicus  quite  narrow,  volutions  rather  strongly 
embracing,  compressed  so  as  to  be  nearly  flat  on  sides ;  periphery 
narrow,  provided  with  a  comparatively  prominent,  simple  keel; 
surface  of  whorl  ornamented  with  75  to  100  (estimated  from  those 
counted  on  a  fairly  well  preserved  third  of  a  volution)  decidedly 
flexuous  costae,  all  of  which  reach  the  umbilical  margin  on  the 
youngest  part  of  the  volution  ;  but  only  every  third  or  fourth  one 
of  which  reach  clear  across  the  older  portion,  being  rather  swollen 
and  prominent  near  the  umbilical  angle;  on  the  periphery  these 
costae  are  bent  rather  abruptly  and  strongly  forward.  Diameter  of 
type  above  described,  23  mm.;  greatest  convexity,  5  mm.;  breadth 
of  umbilicus,  less  than  4  mm.;  breadth  of  outer  whorl  from  siphonal 
to  umbilical  side,  1 1  mm. 

A  comparison  with  the  adult  of  P,  macombi  will  show  that  in 
these  small  individuals  the  umbilication  is  proportionately  much 
greater  and  the  costae  more  flexuous  —  characters  indicating  a 
more  accelerated  stage  of  development  than  even  the  adult  of  that 
species.  It  is  seen  also  that  only  every  third  or  fourth  costa 
reaches  the  umbilical  margin  and  is  there  swollen  and  prominent  — 
features  which  our  specimens  would  seem  to  have  in  common  with 
the  adult  of  macombi.  On  the  other  hand  the  keel  is  still  simple, 
and  no  nodes  are  developed,  in  which  respects  our  specimens  are 
noticeably  less  accelerated. 

It  might  be  considered  that  this  type  is  the  young  of  P,  macombi^ 
that  species  being  a  gerontic  form  in  which  the  young  would 
show  more  accelerated  features.  It  does  not  seem  to  me,  however, 
that  the  characters  of  the  adult  P,  macombi  warrant  this  assump- 
tion. Nor  do  I  believe  these  forms  can  be  considered  the  young 
of  any  known  Prionocyclus,  It  is  more  probable  that  they  repre- 
sent the  young  of  a  species  not  yet  known,  which  is  closely  re- 
lated to  P,  macombi,  but  more  accelerated  in  its  development. 
The  fact  that  a  number  of  the  young  were  found,  but  no  adult,  is 
not  strange  when  it  is  considered  that  these  fossils  occur  in  meta- 
morphosed shales  close  to  the  eruptive  core,  where  everything  is 
so  crushed  and  altered  that  only  smaller  forms,  or  mere  fragments 
of  larger  ones,  are  usually  secured. 


GEOLOGY   OF   THE   CERRILLOS  HILLS.         213 

Locality  and  Position.  —  Just  north  of  the  town  of  Cerrillos,  in 
shales  of  Fort  Benton  age.     (Coll.  Univ.  Coll.  Pal.,  No.  15001.) 

Genus  PKIONOTROPIS  Meek. 
Prionotropis  woolgari  Mantell  (sp.).    (PI.  XII.,  Fig.  31,  ^,  ^,  c) 

For  description  and  synonymy  see  Ball.  U.  S.  G.  S.,  No.  lo6,  p.  174. 

Of  this  species  1  have  two  examples,  one  a  well-preserved  frag- 
ment of  an  adult  specimen  collected  by  Mr.  J.  L.  Wells  while 
excavating  for  the  dust  flues  of  the  Cerrillos  Smelter  just  north  of 
the  town.  It  was  one  of  several  fossils  found  in  the  loose  shales 
near  the  eruptive  core  at  this  point,  while  the  portion  of  a  gerontic 
individual  of  the  same  species  was  collected  at  the  same  point  by 
the  writer.  The  former  is  by  far  the  more  interesting.  The  frag- 
ment (125  mm.  in  greatest  length)  is  apparently  a  portion  of  the 
oute»-  whorl  of  an  individual  some  160  or  180  mm.  in  diameter,  the 
thickness  at  the  smaller  end  of  the  fragment  (from  keel  to  keel) 
being  35  mm.,  at  the  larger  end  50  mm.,  and  the  lateral  thickness 
(through  center  of  whorl,  not  including  costae)  being  30  mm.  at  the 
smaller  end,  and  38  mm.  at  the  larger.  Nine  costae  are  shown, 
two  of  these  bemg  but  partially  developed.  The  keel  is  prominent 
and  somewhat  crenate,  the  nodes  nearest  it  being  compressed, 
their  forward  portions  rising  a  liitle  more  prominently  and  termi- 
nating a  little  more  abruptly  than  bthind.  The  long  axes  of  these 
nodes  are  approximately  parallel  to  the  keel,  and  are  so  strongly 
developed  as  to  give  the  periphery,  when  seen  in  profile,  the 
appearance  of  being  deeply  sulcated  on  either  side  of  the  latter. 
The  costae  are  rather  pronounced,  terminating  at  either  end  in 
prominent  pointed  nodes,  those  of  the  outer  of  the  two  series  hav- 
ing the  outermost  compressed  nodes  of  the  third  series  near  by. 
The  two  undeveloped  costae  (separated  by  three  of  normal  growth) 
become  obsolete  before  reaching  the  line  of  the  inner  series  of 
nodes,  have  the  outer  pointed  nodes  but  slightly  developed,  with 
fairly  prominent  representatives  in  the  flat  compressed  series. 
Faint  indications  of  other  secondary  .costae  may  be  noticed  near 
the  posterior  ends  of  the  flattened  nodes  of  the  more  prominent 
costae.  The  umbilical  margin  is  deeply  indented  by  the  prominent 
nodes  of  the  flattened  series  nearest  the  keel  of  the  succeeding 
volution  within.  A  portion  of  the  siphuncle  of  this  latter  volution 
still  adheres  to  the  specimen  in  hand.  Unfortunately  not  the 
slightest  trace  of  the  septa  appears  on  this  fragment. 
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A  comparison  of  this  individual  with  the  figures  given  by  Meek 
and  others,  shows  that  the  nodes  at  the  inner  ends  of  the  costs  of 
this  specimen  are  very  much  more  prominent  and  pointed  than 
represented  by  them,  being  as  strongly  developed  and  as  well  pre- 
served as  those  of  the  next  outer  series.  As  the  accentuated 
development  of  the  nodes  may  be  safely  looked  upon  as  a  progres- 
sive feature,  we  might  infer  that  the  individual  under  discussion 
represents  a  slightly  more  advanced  stage  of  the  evolution  of  this 
species.  Another  evidence  of  the  advanced  stage  in  the  develop- 
ment of  the  species  represented  by  this  individual  is  found  in  its 
rather  large  size  accompanied,  however,  by  no  gerontic  character- 
istics. The  larger  specimens  described  by  Meek,  about  the  same 
size  as  the  specimen  under  consideration,  present  unmistakeable 
old  age  characters.  The  outer  compressed  nodes  have  disap- 
peared, the  keel  is  only  represented  by  distinctly  separated,  low, 
elongated  nodes,  the  costse  are  more  distant  and  become  pinched 
up  at  their  inner  extremities,  not  quite  reaching  the  umbilical 
margin.  In  our  specimen,  however,  the  outer,  compressed  nodes 
are  very  prominent,  the  keel  is  continuous  and  well  preserved, 
while  the  costae  are  perfectly  normal,  and  reach  the  umbilical 
margin,  near  which  the  inner  nodes  are  strongly  developed.  All 
the  evidence  suggests  a  well  preserved,  normal  adult  individual,  of 
a  somewhat  more  advanced  type  than  those  represented  by  the 
figures  referred  to.  The  impression  left  on  the  umbilical  margin 
by  the  next  succeeding  whorl  within  shows  that  this  latter  whorl 
represented,  so  far  as  can  be  told,  essentially  the  same  charac- 
teristics as  the  outer  one ;  in  other  words,  none  of  the  characters 
of  youth  (such  as  the  convex  appearance  of  the  ventrum  due  to 
comparatively  prominent  keel  with  adjacent  compressed  nodes 
which  are  but  slightly  developed)  had  persisted  so  late  in  the  his- 
tory of  the  individual.  It  is  to  be  regretted  that  the  validity  of  the 
evidences  mentioned  could  not  be  tested  by  a  comparison  of  the 
sutures. 

If  the  specimen  160  to  180  millimeters  in  diameter  represents  a 
normal  adult  specimen  in  this  more  advanced  stage  of  the  develop- 
ment, we  should  expect  gerontic  individuals  to  be  correspondingly 
larger.  It  was  not  surprising,  then,  to  find  at  this  same  locality, 
and  practically  at  the  same  horizon,  a  portion  of  an  individual 
which  must  have  measured  from  250  to  300  mm.  in  its  greatest 
diameter,  presenting  all  the  characters  of  gerontism.     The  outer 
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compressed  nodes  have  apparently  disappeared,  the  costae  are 
elevated  and  compressed,  the  inner  nodes  are  almost  entirely 
absent,  while  the  next  outer  series  is  only  represented  by  low 
rounded  projections  at  the  outer  ends  of  the  costs.  The  costae, 
however,  continued  to  quite  near  the  umbilical  margin,  which 
might  be  expected  in  a  more  advanced  type  where  the  inner  nodes 
are  so  very  highly  developed  in  earlier  life.  The  sutures  are  too 
poorly  shown  to  be  made  out. 

Locality  and  Position,  —  Just  north  of  the  town  of  Cerrillos.  in 
shales  of  Fort  Benton  age.     (Col.  Univ.  Coll.  Pal.,  No.  15002.) 

Stephanoceratidae. 

Genus  SCAPHITES  Parkinson. 

ScAPHiTES  WARRENi  M.  and  H. 

For  description  and  synonymy  see  Bull.  U.  S.  G.  S.,  No.  106,  p.  185. 

Of  this  species  I  have  two  impressions,  only  one  of  which  is 
well  preserved.  The  closely  involute  inner  volutions  and  a  part  of 
the  deflected  body-portion  are  represented.  As  only  a  small  part 
of  the  latter  is  shown,  the  greater  prominence  of  every  fourth  or 
fifth  costa,  and  the  bifurcation  of  the  same,  which  are  character- 
istic of  this  portion  of  the  shell,  cannot  be  noted.  Nevertheless 
the  general  features  are  such  as  to  leave  little  doubt  as  to  its 
identity.  The  shell  must  have  been  about  33  mm.  in  length,  and 
29  mm.  in  height. 

Locality  and  Position, — Just  north  of  the  town  of  Cerrillos,  in 
shales  of  Fort  Benton  age.    (Col.  Univ.  Coll.  Pal.,  No.  15003.) 

VERTEBRATA. 
PISCES. 

TELEOSTEI. 

Berycidae. 

Genus  BERYX  Cuvier. 
Beryx  sp.  undet.     (PI.  I.,  Fig.  12,  a.) 

m 

Numerous  fish  scales  in  the  shales  north  of  Cerrillos  are  referred 
to  Beryx  on  the  basis  of  the  characteristic  markings  they  exhibit. 
Associated  with  them  are  scales  of  the  form  shown  in  Fig.  12,  ^,]of 
whose  identity  I  am  in  doubt. 

VOL.  XXIV. — 15. 
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Locality  and  Position.  —  Just  north  of  the  town  of  Cerrillos  in 
shales  of  Fort  Benton  age.  Also  in  shales  of  Fort  Pierre  age  near 
wagon  road  just  south  of  basalt-capped  mesa,  two  miles  southwest 
of  Santa  Rosa  Mountain.  (CoJ.  Univ.  Coll.  Pal.,  Nos.  15004  and 
15005.) 

PLANTS.* 
DICOTYLEDONS. 

APEX  ALA. 

Urticaceae. 

Genus  FICUS  Linn. 
Ficus  RHAMNOiDES  Knowlton.    (PI.  XIV.,  Fig.  33.) 

Ficus  rhamnoides  Knowlton,  Ipcx),  Flora  of  the  Montana  Formation,  Bull.  U.  S. 
G.  S.,  No.  163,  p.  47,  pi.  10,  figs.  1-3;  pi.  II,  fig.  I. 

To  this  species  are  referred  one  fairly  well  preserved  leaf,  and  a 
few  more  fragmentary  specimens  whose  identity  is  not  so  certain. 
The  better  preserved  example  shows  the  typical  form,  about  equally 
narrowed  base  and  apex,  entire  margin,  rather  thick,  straight  mid- 
rib, twelve  pairs  of  secondaries,  alternate,  and  at  an  angle  of  about 
45  degrees  with  midrib.     Nervilles  not  shown. 

Length  of  leaf,  155  mm.;  breadth,  60  mm. 

Locality  afid  Position,  —  Half  mile  east  of  Madrid,  in  sandstone 
of  Fox  Hills  age,  thirty  feet  above  coal.  (Col.  Univ.  Coll.  Pal.,  No. 
1 5006.) 

Ficus  uncata  Lesqx.    (PI.  XIII.,  Fig.  32.) 

Tor  description  and  synonymy  see  U.  S.  G.  S.  Terr.,  Vol.  VII.,  p.  197. 

Of  this  species  I  have  one  fragmentary  leaf  which  shows  the 
'essential  characters  quite  well.  The  leaf  is  large  and  broadly 
ovate ;  margin  entire ;  immediate  apex  constricted  upward  into 
small  acumen;  midrib  apparently  channeled;  secondary  nerves 
•close,  parallel,  camptodrome  ;  nervilles  but  slightly  oblique  to  sec 
ondaries. 

In  some  aspects  this  specimen  seems  allied  to  F.  irregularis 
Lesq.  The  midrib  is  hardly  as  thick  as  in  the  type  of  F,  uncata. 
while  the  slight  constriction  of  the  immediate  apex  suggests  fm'^- 
i^<(7m,  although  the  acumen  is  not  nearly  so  pronounced  as  in  thai 

*  For  the  identification  of  the  following  species  I  am  indebted  to  Mr.  Frank  Hall 
Knowlton. 
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species.     In  other  respects  the  identity  with  the  type  of  uncata 
seems  complete. 

Locality  and  Position. — Half  mile  east  of  Madrid,  in  sandstone  of 
Fox  Hills  age,  thirty  feet  above  coal.  (Col.  Univ.  Coll.  Pal.,  No 
15007.) 

Cupuliferae. 

Genus  QUERCUS  Linn. 

?  QUERCUS    Sp. 

In  the  red  sandstones  above  the  coal  measures  were  found 
numerous  fossil  tree  trunks,  many  of  which  were  from  one  to  two 
feet  in  diameter.  They  were  usually  weathered  out  and  washed 
down  in  the  arroyos,  but  some  were  seen  lying  horizontally  im- 
bedded in  the  sandstone.  Thin  sections  from  one  of  these  fossil 
trees  were  examined  by  Mr.  Knowlton,  and  I  quote  the  following 
from  his  letter : 

"  The  wood  is  a  dicotyledon,  and  while  it  has  been  somewhat 
distorted  by  fossilization,  it  appears  to  be  a  species  of  Quercus,  In 
any  event  it  shows  a  highly  organized  dicotyledonous  tree,  wholly 
unlike  anything  known  from  the  Jura-Trias,  and  might  well  belong 
to  the  Upper  Cretaceous  or  later." 

Locality  and  Position. — Two  miles  east  of  Cerrillos,  in  sandstones 
of  Upper  Cretaceous  (?)  age.     (Col.  Univ.  Coll.  Pal.,  No.  15008.) 

POLYPSXALJB. 

Araliacese. 

Genus  ARALIA  Linn. 

Aralia?  sp.     (PI.  XIV.,  Fig.  34.) 

Several  fragments  of  leaves,  one  of  which  is  figured,  are  referred 
to  this  genus  with  some  doubt.  These  are  found  associated  with 
the  forms  above  described,  in  the  Fox  Hills  sandstone  above  the 
x:oal,half  a  mile  east  of  Madrid.    (Col.  Univ.  Coll.  Pal.,  No.  15009.) 
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Plate  I. 

Pack. 
Aucella  strongi  sp.  nov 193 

Fig.  I,  a,  d,  c,  d.     Left  yalves,  two  thirds  natural  size. 

Fig.  I,  e.     Small  right  valve,  two  thirds  natural  size. 
Area  madridensis  sp.  nov.  .    .  194 

Fig.  2.     Type  specimen,  twice  natural  size. 
Corbulanematophoraszx.fitcki'^zx,  nov ,    .  198 

Fig.  3.     Right  valve  of  typical  specimen,  slightly  reduced. 
fSolen  cuneatus  Gabb 197 

Fig.  4.     Portion  of  right  valve  referred  doubtfully  to  this  species. 
TurriteUa  gaiisteoensis  sp.  nov , 200 

Fig.  5.     View  of  average  specimen  (t3rpe),  slightly  reduced. 
Tritonium  kanabense  Stanton 201 

Fig.  6.     Average  sized  specimen,  slightly  reduced. 
Cf.  Rostellites  ambigua  Stanton 202 

Fig.  7.     Internal  mold  apparently  closely  allied  to  this  species,  slightly  reduced. 
Scurriaf  coni/ormis  sp.  nov 199 

Fig.  8,  a,  b.     Two  views  of  type  specimen,  slightly  reduced. 
Acmaa  cerrillosensis  sp.  nov 199 

Pig*  9t  Ot  ^'     Two  views  of  average  specimen,  three  times  natural  size. 
Ostrea  anomioides  \2J,  nanus  vsx.  nov 185 

Fig.  10,  a.     Interior  of  large  lower  valve. 

Fig.  10,  b.     Large  upper  valve. 

Fig.  10,  c.     Exterior  of  average  sized  lower  valve. 

Fig.  10,  d.     Lower  valve  of  a  form  probably  belonging  to  this  species. 
All  slightly  reduced. 
Lingula  subspatuleUa  H.  and  M 185 

Fig.  1 1 ,  a.     Specimen  from  Cerrillos  district. 

Fig.  II,  ^.     Specimen  from  east  of  Ortiz  Mountains. 
Slightly  reduced. 
Beryx  sp.  undet. 215 

Fig.  12,  a.     Typical  scale  of  one  of  this  genus. 

Fig.  12,  b.     Example  of  scale  found  associated  with  above,  but  of  unknown 
identity. 
Rostellites  dalli  var.  wellsi.  var  nov 202 

Fig.  13.     View  of  type  specimen,  slightly  reduced. 
Admetopsis  ?  elevata  sp.  nov.     . 203 

Fig.  14.     View  of  best  preserved  type  specimen,  slightly  reduced. 
PrioHocyclus  sp,  nov 21 1 

Fig.  15.     Best  preserved  example,  with  portions  of  keel  broken  away.     Slightly 
reduced. 
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Plate  II. 

Paob. 

Inoceramus  balckii  M.  and  H.  •    •   . 189 

Fig.  x6.     Left  Talve,  showing  comparatively  strong  concentric  undulations.    Four 

fifths  natural  size. 

Inoceramus  fragUis  H.  and  M «...  187 

Fig.  17.     Internal  mold  of  right  valve.    Four  fifths  natural  size. 

Jnoceramtis  dimidius  "White   ,,.. 188 

Fig.  18.  Left  valve,  twice  natural  size. 
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Plate  III. 

Pacb. 
Inoceramus  vanuxemi  M.  and  H 189 

Fig.  19.     Right  valve,  four  fifths  natural  size. 

Inoceramus  sp.  nov.? 190 

Fig.  20,  a,  b.     Two  views  of  badly  worn  specimen,  four]fifths  natural  size. 
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Plate  IV. 

Page. 

Inoceramus  irregularis  sp.  nov 190 

Fig.  21,  0,  b.     Two  views  of  type  specimen,  four  fifths  natural  size. 
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Plate  V. 

Page. 
/noceramus  cripsii  var.  barabini  Morton .190 

Fig.  22.     Portion  of  right  valve,  slightly  reduced. 
Enaocostea  brocksi  sp.  nov '. 192 

Fig.  23,  a,  b.     Two  views  of  type  specimen,  four  fifths  natural  size. 
Astarte  evansi  H.  and  M • 195 

Fig.  24,  a.     Internal  mold. 

Fig.  24,  b.     Portion  of  shell,  showing  character  of  ornamentation. 

Fig.  24,  c.     Internal  mold  of  young  example. 
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Plate  VI. 

Pagb 
Cyprimeria  f  sulcata  sp.  nov 196 

Fig.  25,  a^  b.     Two  internal  molds  showing  sulcus,  with  surface  markings  im- 
pressed. 

Fig.  25,  c.     Small  right  valve. 

Fig.  25,  d.     Portion  of  average  sized  valre  showing  beak. 
All  slightly  reduced. 
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Plate  VII. 

Pagb. 
Placenticeras  placenta  Dekay , 205 

Fig.  26,  tf,  b.     Two  views  of  small  specimen,  four  fifths  natural  size. 
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Plate  VIII. 

Pagb. 
Placenticeras  f  intermedium  sp.  nov 206 

Fig.  27,  a,  b.    Two  views  ol  type  specimen,  four  fifths  natural  size. 
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Plate  IX. 

Page. 

Placenticeras  f  rotundatum  sp.  nov 207 

Fig.  28,  tf ,  b.     Two  views  of  type  specimen,  four  fifths  natural  size. 
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Plate  X. 

Pack.  i 

Siantonoceras  pseudocostaium  sp.  nov 209  \ 

Fig.  29,  a.     Portion  of  outer  whorl  of  type  specimen,  four  fifths  natural  size.  ' 

(See  Plate  XI.) 
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Platb  XI. 

Pagb. 

Stantonoceras  pseudocostatum  sp.  noT • 209 

Fig.  29,  b.    Portion  of  first  inner  whorl  of  type  specimen,  four  fifths  natural  size. 
Fig.  29,  c.     Wax   cast  of  portion  of  second  inner  whorl  of  type  specimen, 

slightly  reduced.     (See  Plate  X. ) 

BaculUes  anceps  Lamarck 204 

Fig.  30,  a,  b.     Two  views  of  average  specimen,  four  fifths  natural  size. 
Fig.  30,  c.     Drawn  from  wax  cast  of  an  impression  in  sandstone  doubtfully  re- 
ferred to  this  species.    Four  fifths  natural  size. 
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Plate  XII. 

Pacs. 

PrionotropU  woolgari  Mantell 213 

Fig.  31,  a.     Ventral  view ;  nodes  near  umbilical  angle  showing  most  prominent 

in  profile. 
Fig*  31 »  ^*     Lateral  view. 

Fig-  3I1  ^*  Umbilical  view,  showing  portion  of  siphuncle  still  adhering,  and 
the  prominent  nodes  near  umbilical  angle.  Outer  series  of  lateral 
nodes  not  visible. 
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Plate  XIII. 

Pagb. 

Ficus  uncaia  Lesqz. 216 

Fig.  32.     Portion  of  a  large  leaf  of  this  species,  four-fifths  natural  size. 
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Plate  XIV. 

Pack. 
Ficus  rhamnoides  Knowlton 216 

Fig.  33.     Best  preserved  specimen,  four-iiflhs  natural  size. 

Aralia  /  sp 217 

Fig.  34.     One  of  the  best  preserved  fragments  referred  doubtfully  to  this  genus. 

Four-fifths  natural  size. 
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NOTES  ON  RECENT  MINERALOGICAL  LITERATURE. 
By  ALFRED  J.  MOSES  AND  LEA  McI.  LUQUER. 

I.    CRYSTALLOGRAPHY  AND  GENERAL  MINERALOGY. 

Optical  Characters  and  Tests. 

Koenigsberger,  Job. — Zur  optische  Bestimmung  der  Erze,  CentbLf, 
Min.  GeoL  u.  Pal.  igoi,  No.  7,  195. 

By  placing  a  Savart  plate  (two  calcite  plates  cut  at  45  ^  to  the  optic 
axis  and  crossed,  so  that  the  interference  lines  are  central  above  the  objec- 
tive and  u^ing  a  vertical  illumination  from  a  lamp  and  an  upper  nicol  the 
partial  polarization  of  the  light  when  reflected  from  either  crystal  faces  or 
f  «irly  polished  cut  surfaces  of  opaque  but  anisotropic  substances  is  suffi- 
cient to  develop  the  interference  fringes,  which  disappear  and  attain  a 
maximum  four  times  during  a  revolution  of  the  stage,  and  in  some  degree 
also  to  indicate  the  principal  vibration  directions.  The  author  hopes  to 
further  develop  the  method.  — A.  J.  M. 

A.  Harker.  —  On  a  question'relative  to  extinction-angles  in  rock-slices. 
Min.  Afag.^  13,  66,  1901. 

A  mathematical  discussion.  Author  shows  that  in  rhombic  columnar 
(parallel  to  c)  crystals,  sections  with  small  obliquity  to  r  «*  will  not  give 
any  considerable  departure  from  straight  extinction,  except  when  2^ is  a 
wide  angle  "  (over  1 20°).  —  L.  McI.  L. 

Rinne,  F.  — Bestimmung  des  Charakters  der  Doppelbrechung  im  con- 
vergenten  polarisirten  Lichte  roit  Hiilfe  des  Gypsblattchens  vom  Roth  1° 
Ordnung.     Cbl.  f.  M.  G.  u.  /*.,  No.  21,  647,  1901. 

That  the  use  of  the  gypsum  plate  for  determining  the  character  of 
double  refraction  in  uniaxial  crystals  by  the  position  of  the  blue  quad- 
rants may  be  extended  to  those  sections  of  biaxial  crystals  in  which  the 
optic  axes  emerge.  The  plate  must  be  in  normal  position,  the  axes  either 
left  to  right  or  front  to  back,  then,  as  in  uniaxial,  the  red  of  the  gypsum 
is  made  blue  in  the  positive  quadrants  if  the  double  refraction  is  positive, 
and  in  the  negative  quadrants  if  the  d  )uble  refraction  is  negative. 

Good  examples  demonstrating  the  method  are  cleavages  of  muscovite, 
negative,  and  heulandite,  positive.  —  A  J.  M. 

Wulfing,  E.  A.  —  Ueber  einen  vereinfachten  Apparat  zur  Herstellung 
orientirter  Krystallschlifife,  -A^.  J.  f.  Min.,  etc.y  1901,  II.,  1-22. 

The  fine  apparatus  of  Tutton  costs  about  ;$45o.  The  herein  described 
form  is  accurate  within  2^  and  is  simple  in  construction,  but  the  cost  is 
not  given. 

It  consists  of  a  steel  grinding  tripod,  one  of  the  feet  serving  as  crystal 
carrier.  The  tripod  is  moved  back  and  forth  by  hand  on  a  horizontal 
piece  of  glass  on  which  is  the  polishing  powder.  Upon  this  grinding 
tripod  rests  a  second  tripod  with  a  level ;  the  level  is  therefore  always 
parallel  to  the  grinding  surface  and  its  feet  in  positions  corresponding 
to  those  of  the  grinding  tripod.     The  crystal  is  approximately  adjusted 
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by  the  eye  and  a  slight  face  ground.  A  freehand  projectioD  of  this  and 
the  reference  faces  is  then  made  as  a  guide  and  the  necessary  correction 
made  on  the  levelling  tripod  but  in  the  contrary  sense  and  then  relevelled 
by  the  screws  of  the  grinding  tripod.  Many  details  are  gi\en  in  the 
article.  —  A.  J.  M. 

Keilhacky  K. — On  the  Phosphorescence  of  Minerals.  Verh,  d,  deuis, 
geoL  Geseilschy  1898,  p.  131. 

Author  finds  that  the  luminosity  of  different  minerals  will  vary  greatly 
under  the  action  of  the  Rontgen  rays.  Minerals  of  the  same  species  but 
from  different  localities  will  also  vary  in  this  regard,  there  being  a  marked 
difference  between  the  fluorite  from  Zinnwald  and  that  from  Rabenstein. 
Anhydrite  is  found  to  respond  to  these  rays  while  gypsum  does  not. 

A  table  of  relative  luminosity  from  0-64  has  been  arranged,  Brazil 
topaz  being  o  and  colorless  Rabenstein  fluorite  64. 

The  color  of  the  phosphorescence  is  found  to  be  yellowish  with  apatite, 
greenish  with  fluorite,  bluish  with  diamond,  and  yellowish  and  without 
particular  characteristics  with  the  other  minerals — L.  McI.  L. 

Afanass^ff. — Action  des  min^raux  contenant  de  T uranium  et  du 
thorium  sur  les  plaques  photographiques.  Jour,  de  la  Soc,  Chim,  russe^ 
XXXII.,  103,  1900. 

Author  considers  that  loranskite,  which  acts  on  photographic  plates  and 
does  not  contain  uranium  or  thorium,  probably  contains  a  new  clement. 

F.  Rinne. — Liquid  air  as  a  means  of  reft  igeration  in  crystallographic 
investigation*!.     Cent,/,  Mtn.,  1902,  p.  11. 

By  means  of  liquid  air  a  temperature  of  —180°  can  be  obtained.  Ex- 
periments with  crystal  sections  show  that  the  axial  angle,  etc.,  will  vary 
with  decreasing  temperature.  The  axial  angle  of  gypsum,  for  example, 
becomes  much  larger. — L.  McI.  L. 


Crystal  Structure  and  Symmetry. 

Viola,  C. — Zur  begriindung  der  Kr^  stalsymmetrien.  Zeit.f,  Kryst,^ 
34.  353-388,  190 1. 

Viola  would  find  a  basis  for  the  divisions  of  crystal  symmetry  in  the 
physical  characters  rather  than  in  either  theories  of  homogeneous  structure 
and  the  possible  arrangement  of  points  in  space  or  the  purely  geometric 
conception  of  simple  rational  indices.  As  to  the  correctness  of  the  law  of 
rational  indices  the  results  of  measurement  show  in  the  most  perfect 
crystal  slight  deviations  in  angles  and  in  zones  and  though  this  might 
be  attributed  to  slight  errors,  there  are  undoubtedly  plane  faces  as  well  as 
curved  faces  which  have  no  rational  indices.  As  to  structure  theories 
they  are  as  yet  mere  mathematical  conceptions. — A.  J.  M. 

W.   Barlow,  H.  A.  Miers  and  G.  F.  H.  Smith I  he  Structure  of 

Crystals :  Part  I.  Report  on  the  Development  of  the  Geometrical 
Theories  of  Crystal  Structure^  1666-1901.  British  Association  for  the 
Advancement  of  Science.  Glasgow  meeting,  1901,  Section  C,  41  pp. 
A  very  complete  work  dealing  both  with  the  historical  development  of 
the  subject  and  also  with  the  geometrical  theories  of  structure. 

Beckenkamp,  J. —  Zur  symmetrie  der  Krystalle.  Zeit,  /.  Kryst.^  34, 
569-611,  1901. 
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The  writer  discusses  the  structure  of  quartz,  cristobaltite,  iridymite, 
halite,  sylviteand  fluorite  and  the  hemimorphism  of  quartz,  tridymite  and 
calcite. 

Hilton,  H. —  A  comparison  of  the  different  symbols  used  in  the  theory 
of  crystal  structure  to  designate  the  330  types  of  structure.  Cbl.  f,  M. 
G.  u,  P,y  1 901,  No.  24,  746. 

Kraus,  £.  H.,  and  Mez,  G. —  Ueber  topische  Axenverhaltnisse.  Zeit. 
f.  Kryst.,  34,  389-396,  1901. 

Formulae  are  deduced  for  calculating  Muthmann*s  Topic  axial  ratios, 
(see  Focks  Chemical  Crystallography,  p.  98)  for  triclinic,  and  hexagonal 
crystals. 

Crystal  Growth.  « 

T.  W.  Richards.—  Study  of  the  Growth  of  Crystals  by  the  Method  of 
Instantaneous  Microphotographs.     PhiL  Mag  ^  2,  488,  1901. 

The  photographs  show  that  the  smallest  elements  visible  are  crystallized. 

L.  McI.  L. 

Wulff,  G. —  Zur  Frage  der  Geschwindigkeit  des  Wachthums  und  der 
Auflosung  der  Krystallflachen.     Zeit.f,  Kryst,  34,  449-530,  1901. 

The  investigation  undertaken  was  to :  ( i)  Measure  the  velocity  of  growth 
of  the  different  fares  of  crystals  of  a  given  material.  (2)  To  measure 
the  velocity  of  solution  of  the  faces  of  these  crystals  in  the  mother  liquor 
from  which  they  developed.  (3)  From  these  to  deduce  the  relations 
bet  j^een  the  velocities  of  growth  and  solution.  A  crystal  forming  in  a 
solution  draws  to  itself  only  the  molecules  which  are  in  the  liquor  imme- 
diately surrounding  it ;  it  exerts  no  influence  at  a  distance.  Two  factors 
explain  the  constant  renewal  of  material :  (a)  The  diffusion  from  without 
into  the  impoverished  layer  of  the  more  strongly  concentrated  solution. 
(b)  In  energetic  crystallization  diffusion  has  not  time  to  act  and  it  would 
seem  that  the  immediately  surrounding  layer  becoming  specifically 
lighter,  rises  and  is  replaced  by  a  new  portion  of  concentrated  solution 
thus  giving  rise  to  concentration  currents. 

In  order  to  study  these  currents  Toepler's  method  was  used  in  which 
every  disturbance  of  the  optical  homogeneity  in  or  near  is  made  visible, 
on  a  translucent  screen,  to  the  eye  or  the  camera  directly  behind  it.  For 
simplicity  the  lens  was  replaced  by  a  common  cylindrical  crystallizing 
glass  filled  with  liquid.  Some  of  the  conclusions  obtained  by  a  study  of 
the  photographs  were :  {a)  With  feeble  concentration  currents  the  crystal 
grows  much  more  regularly  than  with  strong  currents.  (^)  The  currents 
tend  to  round  the  crystals  and  are  the  cause  of  the  phenomena  of  vicinal 
faces,  (c)  The  limitation  of  growth  is  also  a  function  of  these  currents, 
for  as  the  concentration  of  the  solution  decreases  the  layer  near  the 
crystal  rises  more  and  more  slowly,  (d)  The  velocity  of  growth  de- 
pends on  inclination  of  the  face  to  the  horizon  and  a  comparison  of 
growth  velocities  can  be  made  only  when  the  faces  compared  are  sim- 
ilarly oriented  with  respect  to  the  concentration  currents. 

In  order  to  determine  the  relative  velocities  of  growth  normal  to  dif- 
ferent faces  two  isomorphous  salts  of  different  color  were  selected,  crystals 
of  the  less  soluble  salts  were  sorted  into  groups  acc6rding  to  faces  and 
fastened  to  the  cover  of  the  crystallizing  dish,  the  dish  being  filled  with 
a  concentrated  solution  of  the  more  soluble  salt.  Later  the  thicknesses  of 
the  added  crust  of  this  second  salt  were  measured. 
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For  the  salt  studied  FeCNH^),  (804)261130,  there  were  great  differ- 
ences in  growth  velocity,  the  simpler  faces  growing  more  slowly.  If  that 
of  cube  is  taken  as  unity  the  results  were :  (001)  1,00;  (iii)i,  96; 

(20T)  2,  25;  (310)2,  50;  fii2),  2,  64;  (211),  2,  77. 

On  the  other  hand  when  solution  velocities  were  determined  they  were 
almost  equal  for  different  faces. 

To  remove  the  effect  of  the  concentration  currents  the  same  cylindrical 
glass  vessel  was  hermetically  sealed  and  rotated  about  its  own  axis,  hori- 
zontally placed,  a  single  crystal  having  previously  been  mounted  therein 
in  a  definite  position.  The  results  thus  obtained  were  somewhat  nearer 
together  than  before  but  the  differences  in  growth  velocity  were  still 
great. 

The  apparent  cause  of  lack  of  a  reciprocal  relation  between  the  veloci- 
ties of  growth  and  solution  is  that  at  every  stage  of  growth  the  faces  are 
perfect  planes,  whereas  in  solution  the  faces  become  pitted  with  etch 
figures  each  of  which  is  an  aggregate  of  faces  of  different  crystalline 
characters. — A.  J.  M. 

Meyer,  S. — Sur  la  cristallisation  dans  un  champ  magn^tique.  Akad, 
Vienne^  CVIIL,  513,  1899. 

Photographs  of  crystal  forms  of  the  sulphates  of  cobalt,  zinc,  and  man- 
ganese and  of  the  chloride  of  cobalt,  when  crystallized  in  a  magnetic 
field,  show  a  variation  from  those  crystal  forms  produced  under  normal 
conditions. — L.  McI.  L. 

Crystal  Measurement  and  Calculation. 

H.  Hilton. — A  simple  proof  of  the  rationality  of  the  anharmonic  ratio 
of  four  faces  of  a  zone.     Min.  Mag,,  13,  69,  1901. 

Moses,  A.  J.,  and  Rogers,  A.  F. — Formulae  and  Graphic  Methods  for 
Determining  Crystals  in  terms  of  Coordinate  Angles  and  Miller  Indices. 
Sch,  Min,  Quar,,  24,  1-36,  1902. 

Methods  lor  determining  the  morphology  of  crystals  in  terms  of  coordi- 
nate  angles  and  Miller  indices,  making  use  of  stereographic  projections 
and  new  graphic  solutions.  Measurement  with  the  two-circle  goniometer 
and  construction  of  stereographic  projection  by  means  of  the  protractors 
and  sheets  of  Penfield  are  described  in  some  detail.  In  the  complete 
determination  of  a  crystal  there  are  three  steps  in  the  calculation :  (i) 
Determination  of  indices  from  the  measured  angles;  (2)  determination 
of  axial  elements  from  indices  and  measured  angles ;  (3)  determination 
of  theoretical  angles  from  indices  and  axial  elements.  A  graphical 
method  suffices  for  the  determination  of  indices,  one  step  of  the  calcula- 
tion is  dispensed  with  and  a  check  is  made  upon  the  rest  of  the  calculation. 
The  graphic  method  consists  of  the  determination  of  the  ratios  h :  k, 
k :  /  and  hi  i  iox  all  forms.  These  values  as  found  are  terms  of  a  unit 
scale  and  approximate  rational  numbers  almost  as  closely  as  do  those  of 
calculation.  For  the  second  and  third  stages  of  the  calculation  formulae 
(in  most  cases  new)  have  been  given. 

Formulae  for  transformation  to  any  new  polar  plane  and  new  meridian 
and  for  determination  of  twinning  plane  are  ^so  developed.  Each  of 
these  has  a  graphic  solution.  Finally  after  a  brief  discussion  of  projec- 
tion from  interfacial  angles,  formulae  for  obtaining  coordinate  angles  from 
interfacial  angles  are  given.  —  A.  F.  R. 
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Penfield,  S.  L 5>olution  of  Problems  in  Crystallography  by  means  of 

Graphical  Methods,  based  upon  Spherical  and  Plane  Trigonometry. 
Amer,  Journ,  Set,  (4),  14,  249-284,  1902. 

Calls  attention  to  the  desirability  of  graphic  methods  in  crystallography 
for  they  serve  as  a  check  on  calculation  or  in  the  case  of  known  forms  do 
away  with  calculation  altogether.  Makes  use  of  stereographic  projection 
and  uses  sheets  and  protractors  described  by  him  in  a  previous  article. 
The  methods  of  solving  some  general  problems,  such  as  finding  the  fourth 
face  of  a  zone,  are  indicated.  Each  system  is  taken  up  in  some  detail 
and  examples  are  given  under  each.  The  method  consists  in  determin- 
ing the  ratios  k  :  h  and  ^ :  /  or  ^  :  /  in  each  vertical  zone.  Indices  are 
not  given  in  terms  of  any  unit  scale  but  it  is  necessary  to  calculate  them 
though  the  calculations  are  usually  mental.  —  A.  F.  R. 

G.  F.  Herbert  Smith.  —  Preliminary  Note  on  an  Improved  Form  of 
three-circle  Goniometer.     Min.  Mag.^  13,  75,  1901. 

To  provide  for  the  possibility  of  measuring  through  180°  from  a  pole 
in  the  zone  of  reference  over  the  upper  half  of  the  crystal  lo  the  diamet- 
rically opposite  pole ;  the  author  proposes  to  have  telescope  and  collima- 
tor combined  into  an  '' autocoUimating  telescope,"  the  tube  of  which  is 
bent  through  a  right  angle  in  the  horizontal  plane.  —  L.  McI.  L. 

Klein,  C Das  Krystallpolymeter.     Zeitf.  Instrument. ^  July,  1902. 

As  built  by  Fuess  this  instrument  will  measure  crystal  angles  by  one,  two 
or  three  circles,  will  determine  indices  of  refraction  by  either  prism  or 
total  reflection  methods,  measure  axial  angles  and  serve  for  the  study  of 
thin  sections  by  either  parallel  or  convergeBt  light.  Its  greatest  con- 
venience is  that  it  permits  so  many  tests  upon  a  definitely  oriented  crys- 
tal  A.  J.  M. 

Mineral  Synthesis. 

A.  de  Schulten.  —  Reproduction  artificielle  de  la  mon^tite.  Buii.  Soc, 
Min,,  24,  323,  1901. 

Pure,  determinable  crystals  obtained  by  the  very  slow  action  of  am- 
monia and  phosphate  of  calcium  in  a  hydrochloric  acid  solution,  the  so- 
lution being  warm.  The  artificial  triclinic  crystals  are  described.  The 
specific  gravity  is  2.928  at  15^,  that  of  the  natural  mineral  2.75. 

Author  points  out  the  strong  similarity  between  monetite  and  mar- 
tinite,  and  suggests  that  they  may  prove  to  be  identical.      L.  McI.  L. 


Melting  Points. 

Doelter,  C.  —  Ueber  die  bestimmung  der  Schmelzpunkte  bei  Mineralien 
und  Gesteinen.  Tschermak*s  Min,  Mitt,,  21,  211.  Die  Schmelzbarkeit 
der  Mineralien  und  ihre  Loslichkeit  in  Magmen.     Ibid,,  307. 

The  writer  uses  two  methods  for  determining  melting  points:  (i) 
Simultaneous  smelting  of  mineral  and  salt  of  metal  of  known  melting 
point.  (2)  By  pyrometric  methods  using  principally  the  thermo-element 
of  Le  Chatelier,  dipping  the  element  in  the  mineral  powder  in  a  platinum 
crucible  and  reading  the  galvanometer  at  the  time  the  powder  softens. 

Five  to  ten  observations  not  differing  more  than  10-20  degrees  are 
needed  safely  to  determine  the  point  at  which  the  material  passes  from 
the  crystalline  state  to  the  amorphous.     Fritting  sometimes  begins  over 
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loo  degrees  below  the  melting  point.    The  temperatures  for  the  thin-fiuid 
condition  and  for  resolidification  may  also  be  determined. 

The  melting  points  of  the  rock-forming  minerals  lie  mostly  between 
1000-1300,  only  a  few  like  the  zeolites,  soda  pyroxenes  and  soda  horn- 
blendes lie  under  1000  and  only  a  few  like  bronzite,  quartz,  corundum 
and  olivines,  poor  in  iron,  over  1 300.  The  greater  number  lie  between 
[050-1900.  Tests  on  the  plagioclases,  confirmed  Retger's  rule,  the  melt- 
ing points  being  continuous  functions  of  the  percentage  composition. 
With  rocks,  softening  is  often  only  an  indication  that  the  melting  point  of 
one  constituent  has  been  reached.  Complete  liquefaction  may  require 
much  higher  temperature. 

The  melting  points  of  mixtures  of  minerals  were  found  to  be  very  ex- 
actly the  mean  of  the  melting  points  of  the  constituent  minerals  except  in 
the  case  of  a  mixture  of  orthoclase  50,  quartz  25,  and  muscovite  25. 
which  softened  at  about  11 80,  though  at  12 10  most  of  the  quartz  was  still 
undissolved. 

The  order  of  solubility  or  fusion  in  granites  was  first  magnetite  and 
micas  and  hornblendes  rich  in  iron,  then  other  silicates,  then  plagiocase, 
then  orthoclase  and  last  quartz. 

A  series  of  observations  on  the  solubilities  of  minerals  in  melts  of  dif- 
ferent rocks  led  to  the  conclusions  that  the  principal  factor  was  the  chem- 
ical composition  and  proportions  of  the  magma,  but  that  the  viscosity  of 
the  melt  and  the  melting  point  of  the  mineral  also  affect  the  solubility. 

A.  J.  M. 

Rock  Analyses.  ^ 

Washington,  Henry  S. — The  Statement  of  Rock  Analyses.     Am.  Jour,- 

Sct\^  iv.,  X.,  59,  1900. 

The  following  method,  inaugurated  by  Pirsson,  is  probably  the  best 
<or  petrographers,  the  constituents  being  stated  as  oxides  :  Si02,  Al^Og, 
FcjOj,  FeO,  MgO,  CaO,  NajO,  K^O.  HaOOgnit),  HjOCiioO).  CO,, 
TiOg,  ZrOg,  P0O5,  SO3,  Ci,  F,  SCFeSg),  Ct^O^,  NiO,  CoO,  MnU, 
BaO,  SrO,  Li^O, 

Uni  ormity  m  analytical  reports  would  greatly  aid  in  the  comparison 
of  rock  analyses  and  the  increasingly  important  chemical  investigation  of 
rocks. 

Author  urges  the  printing  of  the  important  molecular  ratios  with  each 
new  analysis. — L.  Mel.  L. 

Chemical  Mineralogy. 

F.  W.  Clarke  and  G.  Sieiger ^The  action  of  Ammonium  Chloride  upon 

Certain  Silicates-     Am.  Jour,  Sci,y  iv.,  13,  27,  1902. 
The  finely  powdered  mineral  was  mixed  with  four  times  its  weight  of 
dry  ammonium  chloride  and  then  heated  for  some  time  in  a  sealed  com- 
bu^tion  tube  to  350®.     After  cooling  and  leaching  with  water  the  air- 
dried  residue  was  analyzed 

StilbiUf  keulandite  and  chabazite  proved  not  to  be  hydrous  metasili- 
cates,  but  probably  trisilicates  with  the  mixture  of  a  few  orthosilicate 
molecules. 

Thomsontte  is  essentially  an  orthosilicate. 

The  water  in  all  these  cases  has  been  assumed  to  be  "zeolitic." 

The  three  iron  silicates,  thaitf^  riebeckite  ?  and  ccgirite  were  very  dif- 
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ferently  attacked  by  ammonium  chloride,  ilvaite  mo^t  strongly  and  aegir- 
ite  very  feebly,  and  did  not  form  ammonium  derivatives,  .^irite 
showed  the  most  stable  molecBle. 

Phiogopite  was  somewhat  attacked  by  ammonium  chloride  but  serpen* 
tine  and  ieuchienbergite  scarcely  at  all.  None  formed  ammonium  deriva- 
tives.— L.  McI.  L. 

C.  Steiger. — Pieliminary  Note  on  Silver  Chabazite  and  Silver  Analcite. 

Amer.Jour.  Set'.,  iv.,  14,  31,  1902. 

Tests  show  that  some  of  the  natural  silicate3,  supposed  to  be  very  re- 
fractory, are  easily  attacked  and  replacements  effected. 

H.  N.  Stokes. — On  Pyrite  and  Marcasite.  Am.  /our.  Set'.,  iv.,  12, 
414,  1901. 

Author  criticises  A.  A.  Julien's  density  method  for  determining  the 
relative  proportion  of  these  minerals  present,  and  also  his  theory  that  even 
crystallized  specimens  of  these  minerals  are  often  paramorphs.  The  fol- 
lowing method  is  advocated  for  distinguishing  pyrite  and  marcasite  and 
for  quantitative  determination  in  case  of  mixtures :  Under  proper  chemi- 
cal treatment  the  percentage  of  sulphur  oxidized  by  ferric  salts,  in  the 
case  of  pyrite  and  marcasite,  differs  radically,  being  />  {oxidation  coeffi- 
cienf)  ==  60-6 1  in  pyrite ;  16. 5-1 8  in  marcasite.  The  method  is  too  com- 
plicated, however,  for  quick  mineralogical  determinations. 

By  preparation  of  artificial  mixtures  a  eurve  has  been  obtained,  yielding 
the  pyrite  per  cent,  in  a  mixture,  based  on  the  value  of  p.  Many  finely 
fibrous  specimens,  passing  as  marcasite,  have  been  proved  pyrite  by  this 
method. 

A.  A.  Julien,  in  Science^  new  ser.,  vol.  15,  No.  387,  1902,  ably  de- 
fends his  statements  regarding  paramorphs  of  pyrite  and  marcasite  and 
his  theory  that  the  density  affords  a  criterion  for  composition ;  and  ques- 
tions the  assumption  of  the  purity  of  the  specimens  in  Stokes'  tests. 

L.  McI.  L. 

W.  Tarassenko. — Note  sur  la  constitution  chemique  des  plagioclases 
calcosodiques.     Bull.  Soc,  Min.,  24,  269,  1901. 

The  results  of  analyses  and  extinction  angles  (many  of  which  are  re- 
corded) confirm  the  theory  that  the  lime-soda  plagioclases  are  definite 
compounds  of  the  Ab  and  An  molecules  and  not  simply  isomorphous 
mixtures. — L.  McI.  L. 

Struver,  J. — Eine  chemische  Reactionen  zwischen  Hauerite  und  einigen 
Metallen  bei  gewohniichen  Temperatur.  Cbl.  f.  M.  G.  u.  P.,  1901, 
No.  9,  257.  Chemische  Reaction  der  natiirlichen  Eisensulfide  und  des 
gediegenen  Schwefels  auf  Kupfer  und  Silber  bei  gewohniichen  Temper- 
atur.    Ibid.,  No.  13,  401. 

Some  Raddusa  hauerite  crystals  were  accidentally  shut  for  ten  years  in 
a  pasteboard  box  with  a  piece  of  pure  metallic  silver.  On  opening  the 
box  the  crystals  were  much  more  altered  than  other  hauerite  crystals  placed 
in  the  collection  at  the  same  date  and  the  silver  was  coated  with  a  thin 
blackish  crystalline  layer.  Experiments  made  by  placing  fragments  of 
hauerite  crystals  on  polished  silver  coins  and  on  pure  silver  and  pure  cop- 
per showed  that  the  pure  metals  were  very  much  more  rapidly  attacked 
than  the  coin  alloy.  In  a  later  series  of  tests  using  other  sulphides,  pyrite 
acted  very  slowly  and  marcasite  much  more  rapidly  on  copper  and  on 
silver  but  not  on  other  metals,  while  arsenop>rite  and  cobaltite ' did  not 
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set  on  any  metal.  'Similar  negative  results  were  obtained  with  stibnite 
and  orpiment.  in  prooi  that  H^S  is  lot  formed,  crystals  were  coated  with 
white  lead  and  laid  on  the  metal.  The  latter  blackened  but  the  white  lead 
did  not. — A.  J.  M. 

Group  Discussions. 

Eisenhuth ,  K. — Beitrage  zur  Kentniss  der  Bitterspathe.  Zeit, /.  Kryst, , 
35,  582-607,  1902. 

An  elaborate  study  of  the  rhombohedral  carbonates  found  in  the  talc 
and  chlorite  slates  of  the  Alps.  The  same  material  being  used  for  analysis, 
density,  crystal  measurement  and  where  possible  optical  determination. 
For  the  latter  the  following  method  was  used :  Three-sided  prisms  were 
cut,  the  end  parallel  to  base  and  the  angles  about  30°,  60°  and  90°  and 
for  any  angle  each  face  was  taken  as  entrance  face. 

The  results  are  tabulated.  Some  general  conclusions  are :  That  in  all 
of  the  thirty-five  specimens  examined  the  lime  contents  are  constant  and 
it  is  only  the  magnesia  that  is  replaced  by  the  oxides  of  iron  or  manga- 
nese, so  the  general  formula  is  Ca(Mg,  Fe,  Mn)C20g. 

That  with  increased  iron  the  obtuse  angle  between  the  edges  of  the 
rhombohedron  increases  as  do  also  the  density  and  the  indices  of  refrac- 
tion. —  A.  J.  M. 

G.  T.  Prior  and  L.  J.  Spencer.  —  The  Cerargyrite  Group,  holohedral- 
cubic  silver  haloids.     Min.  Mag.,  13,  174.  1902. 

Results  show  that  the  chloride,  bromide  and  iodide  of  silver  can  form 
isomorphous  mixtures  in  varying  proportions,  but  the  limiting  amount  of 
1  is  indicated  by  the  ratio  CI :  Br :  I  =  i  :  i :  i.  With  more  I  there  will  be 
a  separation  of  iodyrite  (hexagonal  crystals)  on  solidification ;  but  with 
more  I  it  is  also  possible  to  have  intergrowths  of  iodyrite  and  cubic  silver 
haloid. 

The  known  silver  haloid  minerals  may  therefore  be  c*assed  under : 
Cerargyrite,  Ag(Cl,  Br. I),  holohedral- cubic, 
Iodyrite,  Agl,  hemimorphic-rhombohedral, 
Miersite,  4AgI.CuI,  tetrahedral-cubic.  —  L.  McI.  L. 

Hartley,  E.  G.  J. — On  the  Constitution  of  Natural  Arsenates  and 
.  Phosphates.     Min.  Mag.,  XH.,  223,  1900. 

Part  III Plumbogummite  and  Hitchcockite.     Reanalyses  of  these 

minerals  are  recorded. 

Hitchcockite  from  Canton  Mine,  Georgia,  and  the  mineral  from  Cum- 
berland, England  (formerly  mistaken  for  a  zinc  silicate)  are  probably 
identical,  having  the  formula : 

2PbC03.Pb3(P04)2  +  6[A1P04.2A1(0H)3.H20]. 

Plumbogummite  from  Huelgoat  evidently  consists  of  a  somewhat  im- 
pure mixture  of  pyromorphite  with  hitchcockite. 
Part  IV.,  p.  234. — Beudantite  formula  : 

3(Pb,  Cu)S04.2Fe(P,  As)04.6Fe(OH)8. 

Analysis  made  on  carefully  purified  material,  but  locality  uncertain. 

L.  McI.  L. 

Prior,  G.  T Hamlinite,  Florencite,  Plumbogummite  (Hitchcockite), 

Beudantite  and  Svanbergite,  as  members  of  a  natural  group  of  minerals. 
Min,  Mag.,  XII.,  249,  1900. 
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Author  suggests  the  following  relations : 

Formula.                  Cryitial.  System,     rr^  Axial  Ratio. 

Hamlinite             2Sr0.3Al,0,.2p505.7HjO           Rhomb.      87^2^  r  =1.1353 

Svanbergite           2SrO.  3^,03.  Pa05.2SO,.6H,0         **            89^25^  r=  1.2063 

Plumbogummite   2Pb0.3AljO,.2P,05.7H,0  **  

Beudantite            2Pb0.3Fe20a.P,05.2S03.6HjO        »*            88042^  ^=^1.184? 

Florendte             Cc,08.3Al50s.2P,05.6HjO              "            88056^'  <- =1.1901 

There  can  apparently  be  a  replacement  of  P2O5  by  2SO8  withuut 
materially  affecting  the  crystalline  form. 

If,  however,  the  hamlinite  formula  be  written : 

SrHPO^.AlPO^.AlgCOH)^, 

as  an  ortho-  instead  of  a  pyro- phosphate,  SrHPO^  may  be  considered  as 
replaced  by  PbSO^  in  beudantite,  SrS04  in  svanbergite  and  CePO^  in 
florencite. — L.  McI.  L. 

Solley,  R.  H. — Sulpharsenites  of  Lead  from  the  Binnenthal. — Af/n, 
Mag.,  XII.,  282,  1900. 

Recent  analyses  are  recorded  of  sartorite  (PbS  +  AsgSg),  rathite 
(3PbS  +  2AS2S8)  and  jordanite  (4PbS  -f  ASjSg)  and  also  a  tabulation 
of  former  analyses  is  given. 

A  complete  crystallographic  description  oi  jordanite  is  given,  showing 
115  forms  of  which  11  are  new  and  the  system  is  proved  to  be  mono- 
clinic. 

Author  regards  geocronite  (4PbS  +  SbjSg)  as  probably  isomorphous 
with  jordanite,  also  describes  sartorite  as  monoclinic  and  rathite  as 
requiring  new  crystallographic  elements ^L.  McI.  L. 

Foote,  H.  W.  — On  the  Physical- chemical  Relations  of  Aragonite  and 
Calcite.     Zeit.f.  ph,  ch,y  XXXIII.,  p.  740,  1900. 

Author  concludes  that  at  ordinary  temperatures  calcite  is  more  stable 
than  aragonite  and  that  the  latter  forms  when  the  crystallization  of  the 
carbonate  of  lime  is  rapid,  calcite  being  formed  when  the  crystallization 
is  sufficiently  slow.  —  L.  McI.  L. 

Farrington,  Oliver  C.  —  Observations  on  Indiana  Caves.  Publications 
Field  Columbian  Museum,  Geol,  Series,  i:   247-266,  1901. 

In  addition  to  the  detailed  description  and  points  of  geological  interest, 
the  following  facts  of  a  mineralogical  nature  are  brought  out. 

The  **  Pillar  of  the  Constitution,"  a  huge  stalagmite,  71  feet  in  circum- 
ference, in  the  Wyandotte  Cave,  is  chiefly  aragonite  (G.  =  2.82)  though 
some  layers  of  a  micrograoular  non-fibrous  structure  are  calcite. 

In  the  s'alactites  and  stalagmites  from  Marengo  Cave  the  peripheral 
portions  are  found  to  be  fibrous  while  the  central  portions  are  rhombo- 
hedral.  The  author  is  of  the  opinion  *'  that  such  a  structure  is  evidence 
of  a  progressive  change  in  the  molecular  arrangement  of  the  substance 
toward  a  more  stable  condition  "  and  it  is  suggested  that  pressure  on  the 
internal  substance  of  the  stalagmite  might  have  brought  about  the  change 
to  a  rhombohedral  condition. 

The  word  stagmalite  (^rra^/ia,  drop ;  Udo^^  stone)  is  proposed  as  a  gen- 
eral term  for  formations  produced  by  dripping  water,  thus  including  in 
its  definition  both  stalactite  and  stalagmite. 

The  calcite  crystals  which  line  the  walls  of  a  pool  in  Coan*s  Cave  in- 
crease in  size  toward  the  bottom.     The  crystals  formed  by  immersing 
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strings  in  tall  jars  of  solutions  of  a  number  of  salts  were  found  to  increase 
in  number  and  size  toward  the  bottom,  a  result  which  points  to  a  great 
concentration  of  solutions  at  the  bottom,  a  principle  already  established 
by  Ludwig  and  Soret A.  F.  R. 

Termier,  P Sur  une  association  d'epidote  et  de  zoisite  et  sur  les 

rapports  cristallographiques  de  ces  esp^ces  min^rales.  BuiL  Soc,  Min., 
XXII I.,  50,  1900. 

The  association  of  epidote  and  zoisite  a,  at  Mont  Pelvas,  follows  a 
geometric  law. 

Epidote,  zoisite  a  and  zoisite  P  are  regarded  as  trimorphic,  with  the 
'•'  net- work  *'  structure  of  epidote  almost  exactly  orthorhombic,  while  that 
of  zoisite  a  and  zoisite  P  is  pseudo-orthorhombic,  although  the  ''com- 
pound particles"  are  triclinic.  Due  to  the  repeated  twinning,  of  the 
zoisites  the  external  forms  appear  orthorhombic. —  L.  McI.  L. 

INDIVIDUAL  SPECIES. 

Anapaite.  —  Sachs.  —  Sitz,  der  k.  Akad,  der  Wiss. ,  Berlin,  Jan. ,  1 902. 

Triclinic,  with  crystals  elongated  parallel  to  vertical  axis;  found 
isolated  or  in  groups  of  radiating  bundles.  Color,  greenish ;  trans- 
parent ;  H.  =  3-4 ;  G.  =  2  81. 

Analysis :  • 

FeO  CaO         PjO,         HjO 

18.07        27-77        3551         18.47  =  99.82,  yielding 

formula  FeCa2(P04)2 +4H2O ;  closely  allied  to  that  of  messelite. 
Soluble  slowly  in  cold  hydrochloric  acid.  Found  in  the  iron  mines  of 
Scheljesni  Rog,  nt  ar  Anapa  on  the  Black  Sea. —  L.  McI.  L. 

A .  Lacroix. —  Sur  un  ar^niate  d'alumine  de  la  mine  de  la  Garonne. 
BulL  Soc,  Min,^  24,  27,  1901. 

Occurs  as  a  whitish-green  fibrous-lamellar  crust  on  quartzose  gangue ; 
the  surface  of  the  crust  showing  bright,  minute  faces.  Analysis  (W. 
Flight)  yields  formula : 

(Al.  Fe)  AsO^  .2  (Al.  Fe)  (0H)3  .sHjO. 

Shows  close  analogy  to  liskeardite L.  McI.  L. 

Baumhauerite. —  R.   H.   Solly Part  III.      Baumhauerite   a  new 

mineral;  and  Dufrenoysite,  Min.  Mag,^  13,  151,  1902. 

Analysis  (Jackson)  yields  formula  4PbS  .  3AS2SJ.  G==  5.329. 
Monoclinic;  a\b\  c^=  1.136817  :  i :  0.947163  ;  ^  =82*42^';  95  forms 
observed.  Crystals  rhombic  or  tabular  [parallel  to  (010)  or  ( 100)]  in  form. 

Found  in  the  Binnenthal  and  closely  resembles  dufrenoysite  and  jor- 
danite,  from  which  it  may  be  distinguished  by  marked  oblique  develop- 
ment of  zone  [100.001]  (dufrenoysite)  and  by  absence  of  twin  striations 
and  streak  (jordanite).  Named  after  Professor  H.  Baumhauer,  of  Frei- 
burg. 

Dufrenoysite.  —  A  summary  of  the  literature  shows  that  the  mineral 
is  comparatively  rare  and  the  crystals  of  large  size.  System  proved  not 
to  be  orthorhombic  but  monoclinic  with  /3  =  9o°3^j4';  a\b\c 
=  0.650987  :  1 :  0.612576.  K  crystallographic  study  with  Q9  ^orms  are 
recorded.  1..  M*  I.  I*. 
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Bavenite.  —  Aitini.  —  At^.  d,  r.  Ace.  dtu  lAncei^  14  Sept  ,  1901, 

p.  139- 

A  white,  radiating,  fibrous,  zeolitic-like  mineral,  occurring  in   the 

pegmatite  of  Baveno. 

Monoclinic,  but  orthorhombic  in  appearance,  due  to  twinning  parallel 

to  (xoo).     Crystals  minute,  elongated  parallel  to  ^  and  flattened  parallel 

to  (100).     Easy  cleavage  parallel  to  (010) .  H  =  5.5. ;  G.  =  2.72. 

Analysis : 

HjO        SiOj        AI2O3        CaO        MgO        Na20 

«-49         5^-93         ^5-42         24-47         o-ia         o-29  =  99-7'*> 

yielding  formula  CagAljSijOjg  .  HjO. 

The  mineral  should  prove  analogous  to  apophyllite. — L.  McI.  L. 
The  mineral  should  prove  analogous  to  apophyllite. —  L.  McI.  L. 

Brunsvlgite.  —  J.  Fromme.  —  Tscherm.  MitihetL,  21,  171,  1902. 

Name  given  to  a  greenish-brown  lepdochlorite  occurring  in  narrow 
fissures  in  the  gabbro  at  Schmalenberg  (Radauthal),  always  associated 
with  quartz  and  calcite.  Cryptocrystalline,  foliated  or  sphserolitic,  with 
basal  clevage ;  H.  =  1— 2;  0  =  3.1.     Analysis : 


SiO, 

A1,0, 

Fe^O, 

FeO          MnO 

27.88 

15-34 

1-77 

31.92          0.5  c 

CaO 

MgO 

HjO 

H3O  (hygroscop.) 

0.20 

952 

11.97 

015 

=  99-73» 
yielding  formula  dSiOj,  2AI2O8,  6FeO,  3MgO,  SHjO.  — L.  McI.  L. 

£in  neues  Cadmium-Mineral.  —  £.  Wittich,  and  B.  Neumann.  — 
CbL/,  M,  G.  u.  P.,  18,  549,  1 901. 

A  ten  cm.  specimen  of  calamine  from  Genarutta,  near  Iglesias  con- 
sisted principally  of  calamine  entirely  without  cadmium.  A  very  thin 
outer  layer  carried  cadmium  and  on  this  was  a  lustrous  black  coat  of 
cadmium  oxide  (CdO)  which  under  the  lens  was  seen  to  consist  in  part  of 
sharp  cubes  and  cubo-octah%dra  less  than  0.5  mm.  on  an  edge  and  in 
part  of  the  same  material  in  powder.  No  name  was  given  to  the  new 
mineral.  —  A.  J.  M. 

Calayerite. — G.  F.  Herbert-Smith.  —  On  the  remarkable  problems 
presented  by  the  crystalline  development  of  Calaverite.  Afin.  Mag,^ 
13,  ir22,  1902. 

A  remarkable  case,  it  being  the  first  among  minerals  to  apparently  call 
in  question  the  validity  of  Hauy's  law  of  rationality  of  intercepts.  The 
author  has  made  an  exhaustive  crystallographic  investigation  with  his 
uinque  three-circle  goniometer  and  has  obtained  the  fundamental  con- 
stants and  indices  of  the  forms  on  the  supposition  that  <<  the  symmetry  is 
triclinic,  and  becomes  pseudo-monoclinic  owing  to  twinning  about  an 
axis  parallel  to  the  edge  of  the  prism  zone." 

He  has  also  described  four  types  of  twin  crystals  and  makes  the  follow- 
ing summary : 

Morphologically  the  mineral  appears  to  crystallize  in  the  monoclinic 
system  (see  also  determination  by  Pen  field  and  Ford),  although  wiih 
exceedingly  complex  indices. 

The  faces  lie  in  zones,  but  these  cannot  be  assigned  to  a  single,  '*  space- 
lattice  '• 
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The  assumption  may  be  made  that  there  may  be,  making  up  the 
structure  of  the  crystal,  five  distinct  ** lattices"  which  are  incongruent 
but  not  independent.  —  L.  McI.  L. 

S.  L.  Penfield  and  W.  E.  Ford On  Calaverite.     Am,  Jour,  Sci,, 

iv.,  12,  225,  1901. 

A  crystallographic  study,  with  special  consideration  of  the  zonal 
relations. 

Authors  tentatively  assume  system  to  be  monoclinic,  although  many  of 
the  indices  are  very  complicated.  The  indices  are  much  simplified  by 
G.  F.  Herbert-Smith's  assumption  (based  on  measurements  with  the  three- 
circle  goniometer)  that  the  mineral  is  **triclinic,  but  pseudo-monoclinic 
owing  to  twinning  about  an  axis  parallel  to  the  prismatic  zone." 

Calaverite  and  sylvanite  are  closely  related  cr)rstallographically  (as- 
suming the  system  to  be  monoclinic)  and  chemically. 

Calaverite  differs  from  sylvanite  in  having  no  good  clino-pinacoid 
cleavage  and  by  having  different  forms,  usually  with  complex  indices,  and 
by  conforming  to  formula  AuTe^,  sylvanite  having  formula  AuAgTe^. 

Authors  regard  mineral  as  a  distinct  species  with  silver-white  color 
(not  bronze-yellow  according  to  Genth);  and  recommend  for  distinction 
from  sylvanite  a  qualitative  test  for  presence  or  absence  of  much  silver, 
by  treating  with  cone,  nitric  acid  and  then  precipitating  AgCl  from  the 
clear  decanted  solution  with  hydrochloric  acid. — ^L.  McI.  L. . 

Calcite. — A.  F.  Rogers. — Mineralogical  Notes,  No.  2.  Am.  Jour* 
Sci.f  iv.,  12.42,  1901. 

Among    other    notes    author    mentions    new    forms  for  calcite^   x : 

(49 .  41 .  90 .  8)  on  a  crystal  from  Colorado  and  /  (5  .  5  .  10 .  i),  pyra- 
mid of  second  order,  on  a  crystal  from  Frizington. 

A  new  tetragonal  trisoctrahedron  ^(13.  1  .  i)  is  also  mentioned  as  oc- 
curring on  galena  from  an  unknown  locality. — L.  McI.  L. 

Carnotite.— W.  F.  Hillebrand  and  F.  L.  Ransome— On  Carnotite 
and  associated  Vanadiferous  Minerals  in  Western  Colorado.  Am,  Jour, 
Set.   iv,,  10,  120,  1900.  ' 

"  The  body  called  carnotite  is  probably  a  mixture  of  minerals  of  which 
analysis  fails  to  reveal  the  exact  nature."  Doubt  is  cast  on  the  simple 
formula  2U2O8,  VjOg,  K^O,  3H2O,  deduced  by  Friedel  and  Cumenge. 
The  deposits  of  carnotite  are  superficial  and  of  recent  origin. 

The  green  cementing  material  of  certain  sandstones,  found  only  near 
Placerville,  is  an  alumino-vanadio-potassium  silicate  resembling  roscoe- 
lite. — L.  McI.  L. 

Ceruleite. — H.  Dufet.  —  Sur  une  nouvelle  esp^ce  min^rale,  la  c6ru. 
I6ite.     Bu//.  Soc,  Minn.,  23,  147,  1900. 

Blue  color,  occurs  as  a  clay-like  mass  of  extremely  small  rod-like 
crystals,  G.=  2.803,  Sol.  in  HCl. 

Analysis:  As^O^         AlgOj         CuO         HjjO 

34.56  31.26         11.80         22.32  =  99.94, 

yielding  formula  QxkO.^KX^O^.hs^Of^  +  8H2O. 

Found  at  £mma  Luisa  mine,  Huanco,  Prov.  Taltal,  Chili,  accompan- 
ied by  a  white  clay. — L.  McI.  L. 

Chalmersite.  —  Hussak Cenir.  /.  Min.,  p.  69,  1902.  Formerly  de- 
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scribed  as  millerite.  Occurs  with  quartz,  dolomitei  pyrrhotite,  etc.,  at 
Morro  Velho,  Minas  Geraes.  Orthorhombic,  with  crystals  twinned  as  in 
chalcocite.  Crystals  elongated,  parallel  to  vertical  axis,  yellow-bronze  in 
c©lor  and  magnetic;  H*=3.5;  G.  =  4.68.  Composition:  Fe  46.95,  Cu 
17.04,  S35.90,  yielding  formula  CuFegS4=Cu2FejSg  rzs^CujS.  Fe^S^, ; 
suggesting  an  isomorphous  mixture  ot  chalcocite  (CujS)  and  pyrrhbtite 
(FegS^).— L.  McL  L. 

Chlorophseite.  —  Zambonini,  F. — Ueber  ein  merkwiirdiges  Mineral 
von  Casai  Brunori  bci  Rom.     CbLf,  M.  G.  u,  /*.,  1901,  No.  13,  397. 

A  greenish-yellow,  woolly  mineral  found  in  the  hollows  of  the  lava,  very 
rare  and  suggesting  a  pale  variety  of  breislakite,  but  differing  in  color, 
cleavage  and  in  composition,  agreeing  closely  with  chlorophaite^  to  which 
it  is  referred. — A.  J.  M. 

Cliitonite.  —  J.  M.  Davison.  —  Internal  structure  of  Cliftonite.  Ani' 
Jour,  Sci.,  iv.,  13,  467,  1902. 

Minute  cubo-octahedral  crystals  found  on  dissolving  a  troilite  nodule 
from  the  Smithville  iron.  The  internal  structure  proves  that  cliftonite  is 
not  a  pseudomorph  after  pyrite ;  but  it  is  not  so  clear  that  diamond  has 
here  been  changed  to  graphite.  Author  suggests  that  it  may  be  possi- 
ble that  the  carbon  under  certain  circumstances  takes  the  graphitic  con- 
dition with  isometric  form. — L.  McI.  L. 

Columbite  Group.  —  L.  Goodwin  and.W.  G.  Miller.  —  New  mineral 
of  the  columbite  gioup.  Jour,  Fed.  Canada  Min,  InsL^  III.,  p.  151, 
1898. 

Analysis : 

(Na,  Ta)205     SnO,     FeO      MnO    CuO     (Ce,  Dijj,  Y)^ 

75*75  0*92    II. 14      10.22     0.03  2.00        =100 

Found  in  pegmatite  with  beryl,  tourmaline,  etc.,  at  Lyndoch,  Renfrew 
Co.,  Ontario. 

Coolgardite.  —  Ad.  Camot,  — Sur  les  tellurures  d'or  et  d'argent  de  la 
r^ion  de  Kalgoorlie,  Australie  occidentale.  BulL  Soc,  Min,^  24,  273, 
1901. 

Analyses  given  of  fragments  of  ores  from  this  locality,  sent  on  for 
the  exposition  of  1900.  Author  proposes  name  Coolgardite  for  the  min- 
eral, from  Great  Boulder  with  formula  (Au,  Ag,  Hg)2Te8. — L.  McI.  L. 

Corundum.  —  G.  Melczer.  —  Ueber  einiger  krystallographische  Con- 
stanten  des  Korund.     Zeit.f,  Kryst.y  35,  567-581,  1902. 

A  study  of  symmetry,  axial  ratios  and  indices  of  refraction  on  150 
Burmese  crjrstals,  a  suite  of  Fremy's  artificial  crystals  and  three  Ceylon 
crystals.  Optically  Uniaxial,  —  In  artificial  none  were  biaxial,  of  fifty 
natural  only  six  gave  biaxial  figure,  and  five  of  these  showed  twin  lamellse, 
when  the  twinned  portion  was  covered  the  figure  was  uniaxial.  Seal- 
enohedal trigonal.  —  Measurement,  natural  etchings,  absence  of  tetrahedral 
forms  and  of  pyro-electricity  all  indicate  this  class.     Prevailing  forms 

Burmese  crystals:  c  0001,  r  101 1,  n  2243,  ^  1120,  often  occur  alone 

or  with  them  one  or  more  olw  11 21.  z/  4483  and  5052.    Fremy  crystals : 

show  Cy  r,  «.  and  also  5052,  2027  and  0776,    new  forms     The  Des- 

cloizeaux  form   11 23  was    not  observed.     Axial   relation  recalculated 
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^  =s  1 .  365  2.  Indices  of  refraction.  Increase  notably  as  red  color  darkens. 
Blue  and  white  are  in  the  middle.  The  double  refraction  is  essentially  con- 
stant. Used  prism  method  and  angle  between  base  and  opposite  rhombohe- 
dral  face  and  calculated  by  Liebisch  formulae.  For  yellow  light  used  mix- 
ture of  NaCl  and  Na2S04  and  Laspeyres  lamp  in  direction  of  length  of 
coUiinator.     Also  used  knee-like  Riedel  form  of  Geissler  tube. — ^A.  J.  M. 

Crocoite.  —  R.  G.  Van  Name — On  Crystals  of  Crocoite  from  Tas- 
mania.    Am.  Jour.  Sci.^  iv.,  13,  339,  1902. 

Crystals  show  two  distinct  types  of  development :  One  habit  showing 
remarkable  elongation  of  the  prismatic  faces  with  nearly  square  cross- 
section,  differing  from  that  illustrated  by  Palache  from  this  locality.  The 
other  habit,  the  more  general  one,  showing  small  short  prisms,  chiefly 
terminated  by  simple  pyramids. 

A  complete  crystallographic  description  is  given,  and  a  new  clino- 
dome/  (032)  recorded. 

These  very  beautiful,  bright  crystals  were  found  in  a  mixture  of  cellular 
bmonite  and  wad  near  Dundas. — L.  McI.  L. 

Diamond. — W.  H.  Hobbs Diamond  Field  of  the  Great  Lakes. 

Jifur.  Geol.,  7,  375,  1899. 

Seventeen  diamonds  ()^-2i^  carats)  have  been  found  since  1883 
in  glacial  deposits  principally  in  Wisconsin.  Considering  the  glaciad 
drift,  etc.,  it  is  probable  that  the  diamonds  came  from  somewhere  near 
James  Bay  or  Hudson  Bay.  The  stones  are  colorless  or  greenish  or  yel- 
lowish. —  L.  McI.  L. 

Esmeraldite.  —  A.  S.  Eakle. —  Univer.  Calif.  Bull.  Geo  I.,  II.,  315, 
1 90 1. 

A  hydrous  iron  sesquioxide,  occurring  in  coal-black,  pod-shaped 
masses,  surrounded  by  yellowish-brown  earthy  material,  from  Esmeralda 
Co.,  Nev. 

Luster,  vitreous;  translucent  on  thin  edge;  brittle,  with  conchoidal 
fracture  and  yellowish-brown  streak  ;  H.  =  2.5  ;  G.  =  2.578. 

Analysis  (Schaller) : 

FejOg        HjO  (110°)        H2O  (over  110°)        AlgO, 
56.14  15.94  10.24  5-77 

CaO        P3O5         SiOg  organic 

3-35  4-49  2-05     i-37  =  99-35» 

which,  disregarding  impurities,  yields  formula  Fe208.4H30. 

L.  McI.  L. 
Gypsum.  —  Miihlhauser,  A. — Ueber  natUrlich  geatze  Gypskr}stalle 
von  Kommern.     Tschermak' s  Minn,  Miit.^  20,  367,  1901. 

Hackmanite.  —  L.  H.   Borgstrom.  —  GeoL  For  en.   Forhandl^   23, 

563- 
A  mineral  apparently  in  the  sodalite  group,  occurring  in  violet  red 

dodecahedral  crystals  on  the  island  of  Kola.     G.  =  3.32 ;  H.|=  5. 

Analysis : 

SiO,     K\0^     FejOg     CaO    NagO    K^O    CI      S 
36.99     31.77       0.17        0.5      25.84    0.16   6.44  0.39=101.81 

(less  for  CI)  =  100.17;    yielding  formula  Na4(\l(SNa))Al2(Si04),, 
Soluble  in  HCl. 
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Named  for  Mr.  Hacicnian,  who  explored  the  island  in  1891. 

L.  McI.  L. 

Hydrogothite. — J.  Saroojloff. — Ueber  Hydrogothite,  ein  bestimnates 
£isenox)(lh>drate.     Zeit,f,  Kryst,^  35,  273,  1901. 

The  mineral  sFe^Oj,  4H2O  described  by  Zemyatschensky  in  1889 
has  hitherto  been  oniy  considered  to  be  a  transition  stage  between  gothite 
and  limonite.  The  writer  has  however  found  the  mineral  in  several 
localities  in  central  Russia  and  m  considerable  quantity  and  great  purity 
in  the  ore  of  Trosna  (Krapiwna).  Streak,  tile-red;  G.  3.73;  H.  4;  com- 
posed of  transparent  microscopic  needles  with  one  easy  cleavage,  parallel 
extinction  and  strong  pleochrism,  orange  red  parallel  to  their  length  and 
yellowish-green  normal  to  this  direction. — A.  J.  M. 

Kilbrickenite. — G.  T.  Prior. — ^The  Identity  of  Kilbrickenite  with 
Geocronite  and  Analysis  of  Miersite,  Marshite  and  Copper  Pyrites.  Min, 
Majs^.f  13,  166,  1902. 

Kilbrickenite  proved  to  be  identical  in  all  physical  characters  with 
geocronite  and  10  conform  very  closely  to  the  geocronite  formula  sPbS. 
(Sb,  As)3S3. 

The  presence  of  the  same  per  cent,  of  As  in  geocronite  from  different 
localities  supports  D'Achiardi's  suggestion  that  the  formula  is : 

SPbS.SbaSj  -l-sPbS.ASaS,. 

Miersite^  analysis  shows  Ag  38.17,  Cu  5.64,  I  56.58  =  100.39,  yield- 
ing very  close  to  formula  4AgI.CuI  (Spencer's  formula  by  means  of 
fusion  experiments).  The  formula  previously  assigned  (Dana,  Append.  I) 
being  Ag^Iai  G.  =  5.640. 

Marshite^  analysis  shows  Cu  32.35,  Ag  1.19,  I  65.85  =99.39,  yield- 
ing formula  Cul  (the  Ag  probably  comes  from  slight  isomorphous  admix- 
ture of  miersite). — L.  McI.  L. 

Lasur-ollgoclase. — P.  V,  Jeremejew. — Zeit.f,  Kryst.y  33,  493. 

A  partially  altered  feldspar,  containing  numerous  inclusions  of  calcite, 
occurring  near  the  Baikal  Lake  and  formerly  called  lasur-feldspar  by 
Nordenskiold.  In  crystals  and  composition  approaches  very  closely  to 
the  Vesuvius  oligoclase. 

Lassallite See  Temnerite. 

LiboUite ^J.  P,  Gome&.—Comm,  Dir,  Trabalh.  GeoL  Portugal,  III., 

p.  244. 

Asphalt,  resembling  albertite,  from  Libollo,  prov.  Angola.     Analysis : 
C  =  74.74,  H  =  7.83,  0  =  8.8o,  N=  1.71,  Ash  =6.92.     G.  =1.1. 

Liveingite. — R.  H.  Solly Proc,  Camb.  PhiL  Sac,  1901,    XI.,  p. 

239- 

Name  given  to  two  crystals,  most  of  the  material  being  used  for  chemi- 
cal analysis  (by  H.  Jackson).  Pb  47.58,  S  24.91,  As  26.93,  Fe  trace 
=  99.42,  yielding  very  close  to  formula  5PbS.4As2S3.  Monoclinic  with 
pseudo- rhombic  habit,  resembling  rathite  and  sartorite. — L.  McI.  L. 

Lotrlte. — G.  Munteanu-Murgoci. — Ueber  die  EinschlUsse  von  Granat- 
Vesuvianfels  in  dem  Serpentin,  etc.  Inaug,  Dissert,  de  rUnivers,  de 
Munich,  1901. 

The  mineral  occurs  massive,  as  an  aggregate  of  very  minute  grains  and 
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plates,  in  veins  in  the  chlorite-schists  at  the  contact  with  the  serpentine 
found  in  the  Lotru  valley.     G.  =  3.23 ;  H.  =  7.5.     Analysis : 

SiOj       AljOj.Fe^Oj       FeO       CaO       MgO      H3O 

38.02  30.90  0.33      23.56      2.80        6.24  =  101.85, 

yielding  the  new  formula  4Si02»  2(Al.Fe)205,  3(Ca.Mg)0,  2H2O. 

L.  McI.  L. 

Lussatite* — F.  Slavik. — The  probable  identity  of  lussatite  and  tridy- 
mite.     Zeit.f.  KrysL^  35,  690. 

The  optical  properties  and  partial  solubility  in  hot  carbonate  of  soda 
tend  to  show  that  lussatite  is  probably  a  fibrous  variety  of  tridymite. 

Manganosphaerite. — K.  Busz. — Neues  Jahrb.f.  Min,^  2,  129,  1901. 

Name  given  to  a  reddish-brown,  sphaerolitic,  manganiferous  (oligonite) 
variety  of  siderite,  occurring  with  siderite  in  the  cavities  of  the  basalt  a 
the  Louise  mines  near  Horhausen,  Westerwald.     Analysis : 

FeO,  36.72;         MnO,  24.76;        CO^,  38.34. 

L.  McI.  L. 

Harsjatskite. — S.  von  Fedoroff  and  W.  Nikotin.  Ann.  Giol.  Minn. 
Russie^  III.,  79,  1899. 

A  glauconite  of  a  greenish  color,  containing  manganese.  Alters  easily 
on  exposure.  Forms  the  bulk  of  the  tertiary  sandstone  of  the  Marsjatsk 
forest,  Urals. 

Melanochalcite. — G.  A.  Koenig. — On  the  new  species  melanochalcite 
and  keweenawite.  With  notes  on  some  other  known  species.  Am.  Jour. 
Sci.<,  iv.,  14,  404,  1902. 

Melanochalcite  found  in  hard,  spheroidal  nodules,  in  a  soft  brownish 
clayey  material,  in  a  deep  (300  ft. )  shaft  of  the  Calumet  and  Arizona 
Co.,  near  Bisbee,  Arizona. 

The  mineral  forms  a  thin  zone  (few  mm.  thick)  of  pitchy-black  mas- 
sive material,  surrounding  the  cuprite  nucleus  and  being  enclosed  by 
zones  of  chrysocoUa  and  malachite  and  finally  quartz. 

Analysis : 

CuO  SiOj  CO2         HjO         ZnO  Fe^Oj 

76.88  7.80  7.17  7.71  0.41  0.07       =100.04, 

yielding  results  which  might  indicate  an  intimate  mixture  of  copper  car- 
bonate, silicate  and  hydrate,  or,  as  suggested  by  author,  a  compound  of 
copper  silico-carbonate  and  copper  hydroxide,  Cu2(Si.C)04.Cu(OH)2- 
H.  about  4;  very  brittle;  G-  4.141  at  21°  C.  The  material  analyzi^ 
seemed  microscopically  to  be  quite  homogeneous  and  amorphous  or 
isometric. 

Keweenawite  found  at  the  Mohawk  Mine,  Mich.,  with  domeykite.  It 
occurs  as  a  pale  pinkish-brown,  fine  granular,  brittle  aggregate. 
Tarnishes  to  a  brown-red.  H.  about  4;  G.  =  7.681  at  20°  C.  Three 
analyses  suggest  formula  (Cu,  Ni,  Co) 2 As,  while  mohawkite  is  (Cu,  Ni, 
Co)  3  As. 

Analyses  of  other  Mohawkite  mine  material  seem  to  carry  out  author's 
theory  that  "  the  higher  ratios  of  these  copper  arsenides  are  either 
mixtures  (grain  very  fine)  or  they  partake  of  the  nature  of  alloys  and 
hence  all  ratios  are  possible." 


ABSTRACTS.  263 

Puheriform  chalcocite  from  the  Champion  Mine  also  described. 

L.  McI.  L. 

Hercuilc  Iodide.  —  A.  J.  Moses.  — Mineralogical  Notes.  Am,  Jour, 
&i.,  iv.,  12,  98,  190 r. 

Mercuric  iodide  from  Nev  South  Wa)es.  Found  as  a  thin  layer  of 
very  minute,  scarlet,  sharp-edged  cubes  {^-^  mm.)  on  impure  limoniie 
from  Broken  Hill  Mines.  Composition  determined  by  micro- chemical 
and  blowpipe  tests.  Not  sufficient  material  for  quantitative  analysis  was 
obtained,  but  the  mineral  certainly  does  not  agree  with  the  description  of 
the  Mexican  iodide  of  mercury,  coccinite,  occurring  in  acute  rhombic 
pyramids. 

New  fvirms  on  atacamite  crystals  from  Chili.  These  specimens  from 
Brilladora  Mine  are  interesting  chiefly  on  account  of  ihe  well-formed, 
doubly  terminated  crystals  of  short  prismatic  habit  with  dome  termina- 
tions.    The  Goldschmidt  coordinates  are  reco'ded. 

Realgar  crystals  from  Snohomish  Co.,  Wash.,  are  found  in  long  pris- 
matic forms  which  were  measured  and  described,  the  first  of  such  crystals 
to  be  found  in  America. — L.  McI.  L. 

Holybdophyllite. — G.  Flink Abst.  in  Am.  Jour,  Sci,,  iv.,  12,  469, 

1901. 

A  new  lead  silicate  found  in  irregular,  micaceous-like  masses  in  the 
granular  limestone  at  L4ngban,  Sweden.  Colorless,  with  vitreous  lustre, 
but  pearly  on  the  perfect  basal  cleavage.  Hexagonal ;  H.  =3-4,  G.  = 
4.717.     Analysis: 

SiOj      PbO      MgO    AljOj     Na^O    K^O     H^O 

18.15     61.09     11*71      0.46       0.82      0.69      6.32  =  99.24; 

yielding  formula  R^SiO^  -j-HjO. — L.  McI.  L. 

Monazite. — O.  A.  Derby. — On  the  Occurrence  of  Monazite  in  Iron 
Ore  and  in  Graphite.     Am,  Jour,  Sci.,  iv.,  13,  211,  1902. 

Suggests  that  the  presence  or  absence  of  monazite  indicates  a  difference 
in  the  mode  of  origin  of  the  graphitic  schists  and  gneisses  or  granites. 

L.  McI.  L. 

Muschketowite. — S.  von  Fedoroflf  and  W.  Nikotin.  Am.  Geo/.  Min. 
Russie,  III ,  79,  1899. 

A  pseudomorph  of  magnetite  after  hematite,  found  at  Bogoslowsk, 
Urals. 

Natrojarosite. — W.  F.  Hillebrand  and  S.  L.  Penfield. — Some  Addi- 
tions to  the  Alunite-Jarosite  Group  of  Minerals.  Am.  Jour.  Sci.,  iv., 
14,  211,  1902. 

Natrojarosite  from  Soda  Springs  Valley,  Nevada,  found  as  a  yellowish- 
brown,  glistening  powder  made  up  of  minute  rhombohedral  crystals  with 
base  largely  developed.  Analysis  shows  the  material  to  have  the  same 
composition  as  jarosite,  with  substitution  of  soda  for  potash. 

Plumhojarosite  from  Cook's  Peak,  New  Mexico,  found  as  a  dark 
brown,  glistening  powder  (of  minute  rhombohedral  flattened  crystals)  or 
as  loosely  cohering  masses.  Analysis  indicates  that  mineral  may  be 
regarded  as  a  jarosite  with  substitution  of  lead  for  the  alkalies ;  the  first 
case  of  such  isomorphism  known  to  the  authors.  This  isomorphism 
is  probably  explained  by  the  mass  effect  of  the  other  constituents,  the  alka- 
lies and  lead  playing  a  very  small  role  in  the  complex  chemical  mole- 
cules.— L.  McI.  L. 

VOL.  XXIV  — x8. 
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Psettdomesollte. — A.  N.  Winchell. — E'ude  min.  et  p^trog  des  roches 
gabbroiques  de  TEtat  de  Minn.  £tat'>-Unis,  etc. — Th^  Fac.  des  Sc.  de 
Paris,  1900.     Abst.  in  Bull,  Soc.  Afin.,  24,  506,  1901. 

The  mineral  is  a  zeolite,  very  close  in  composition  to  mesolite,  but 
quite  different  in  its  optical  properties  It  is  found  in  the  anorthosite  of 
Carlton  Peak,  Minn. — L.  McI.  L. 

Quartz. — G.  Spezia. — Solubility  du  quartz  dans  des  solutions  de  tetra- 
borate de  sodium. — Atti,  Ace,  Sc,  Torino^  36,  6^1,  1901. 

A  sample  of  quartz,  weighing  1.0678  gr.,  heated  under  pressure  to  a 
temperature  of  29o°-3i5°,  in  a  5  per  cent,  solution  of  borax,  lost  in  four 
days  0.257  gr.  At  ordinary  temperatures  and  pressures  no  action  was 
noticed. 

These  results  would  tend  to  show  that  the  borosilicates  (as  tourmaline, 
datolite,  etc.)  are  probably  formed  at  high  temperatures. — L.  McI.  L. 

Ransatite. — Weibull. — Geoi.  For.  Forh,y  xx.,  p.  53. 

Mineral  described  by  Igelstrom  (Bull.  Soc.  Min.,  xxi  )  isamanganifer- 
ous  garnet,  containing  inclusions  of  quartz,  pyrophyllite,  chloritoid, 
cyanite  and  hematite. 

Rathite. — K.  H.  Solly. — Sulpharsenites  of  Lead  from  the  Binnenthal. 
— Part  II.,  Rathite.     Min,  Mag,^  13,  77,  1901. 

Orthorhombic,  with  a\  b\  c=. 0.4783  :  i  :  0.5 112. 

A  new  orientation  (from  that  of  Baumhauer)  chosen  so  that  the 
well-developed  zone  becomes  prismatic  and  the  cleavage  {)arallel  to 
o(o  (corresponding  to  that  of  jordanite)  instead  of  parallel  001 
(Baumhauer).  Five  different  habits  of  crystals  observed,  most  of  the 
crystals  showing  twin  striations.  Twin  planes  (074)  and  (0.15.1),  which 
are  forms  not  developed  on  the  crystals.  Sixty- two  forms  are  recorded, 
of  which  thirty-seven  are  new.  *  3PbS.2As3Sj ;  G.  =  5.41 2-5.421  (Baum- 
hauer 5.32);  color,  lead  gray  to  bteel-gray ;  streak,  chocolate;  fracture, 
conchoidal;  H.=  3. 

Found  only  in  the  bed  of  the  I^ngenbach. — L.  McI.  L. 

Robellazite.  —  Bull.  Soc.  Afin.,  XXIII.,  17,  1900. 

Mentioned  by  Cumenge  as  occurring  with  carnotite  in  Colorado. 
Partial  analysis  shows  considerable  vanadium  and  also  niobium,  tantalum 
and  tungsten  with  alumina,  iron  and  manganese  as  bases. 

Seligmannite. — Baumhauer. — Ber.  Ak.  Berlin^  p.  no,  1901. 

A  new  species  from  the  dolomite  of  Binnenthal,  Switzerland.  No  anal- 
ysis; but  close  identity  with  bournoiite  in  crystalline  form  and  with  sar- 
torite  in  color,  luster  and  brittleness  leads  to  the  conclusion  that  it  is  a 
lead  sulpharsenite  of  this  isomorphous  group. 

Serendibite.  —  G.  J.  Prior  and  A.  K.  Coomara-Swamy.  —  C  nt,  /. 
Min.,  Geol.  und  PaL,  1902,  p.  186. 

Name  given  to  a  blue  (very  pleochroic)  granular  mineral,  occurring  at 
the  contact  of  granulite  and  limestone  near  Gangapiliya.  Essentially  a 
borosilicate  of  Al,  Ca  and  Mg;  G.  =  3.42  ;  H.  =  7.  A  more  complete 
description  will  appear  in  the  Bull.  Soc.  Minn.  —  L.  McI.  L. 

Sperrylite.  —  H.  L.  Wells  and  S.  L.  Penfield.— On  a  New  Occur- 
rence of  Sperrylite.     Am.  Jour.  Sci.,  iv.,  13,  95,  1902. 

Found  in  very  minute  brilliant  crystals  in  the  copper  ore  (covellite) 
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from  Rambler  Mine,  fifty  miles  southwest  of  Laramie.  Platinum  varies 
from  .06  to  1.4  oz  per  ton  in  this  mine.  — L.  McI.  L. 

Stannite* — L.  J.  Spencer.  —  Crystallized  Stannite  from  Bolivia.    Afin. 

The  principal  crystals  investigated  were  very  minute  (1-1.5  mm.)  and 
were  found  by  Sir  W.  Martin  Conway  (in  his  Bolivian  expedition  of 
1898),  at  the  San  Jos^  Mine,  Oruro,  encrusting  arsenopyrite  crystals. 

Crystallization^  scalenohedral-tetragonal,  but  by  twinning  pseudo-tet- 
rahedral -cubic.  Faces  usually  striated  and  rough.  Twelve  forms 
recorded.     Twinning  most  interesting  and  invariably  present. 

Color,  iron-black;  lustre  bright  metallic  to  sub  adamantine,  somewhat 
like  black  blende;  brittle;  H.  =3.5  ;  G.  =4.45. 

Analysis  (by  G,  T.  Prior)  gave  (mean)  : 

Cu        Fe         Sn         Sb        Pb       Ag  S 

28.56     10.93     25-21      3.71      2.06     0.88         27.83  —  99.18, 

yielding  (after  deducting  Sb,  Pb,  Ag  for  some  admixed  andorite)  formula 
Cu,FeSnS4. 

This  formula  could  be  written  CuFeS^  +  CuSnSj,  showing  possible 
relation  to  chalcopyrite  CuFeSj)  with  which  it  has  remarkably  close 
crystallographic  relations. 

Other  crystals  from  Bolivia  were  examined  and  proved  to  be  stannite. 

L.  McI.  L. 

Stoffertite.  —  Klein.  — BerL  Akad,  fViss.,  June  13,  1901,  p.  712. 

Name  given  to  a  hydrous  phosphate  of  lime,  similar  to  metabrushite, 
found  on  the  island  of  Mona.     Monoclinic. 

Sulphur.  —  R.  Brauns. — Great  stability  of  some  modifications  of 
sulphur.     Cent,/,  Afin.^  1902,  p.  7. 

The  orthorhombic  form  is  alone  stable  at  ordinary  temperatures; 
the  other  forms  gradually  changing  to  this.  Monoclinic  crystals  (dis- 
covered by  Mitscherlich)  have  however  remained  unchanged  for  three 
years. —  L.  McI.  L. 

Synchisite. —  G.  Flink. — Abst.  i  i  Am,  Jour,  Sci.,  iv  ,  12,  469,  1901. 

A  new  mineral,  formerly  described  by  Nordenskiold  as  parisite. 
Found  at  Nararsuk,  Greenland,  in  wax- yellow,  acute  rhombohedrons. 
H.  =4.5.     G.  =3902. 

Analysis  (Mauzeiius) : 

CO,     ThO^     Ce^Oj  (LaDi^^O,     YjO^ 
2599     0.30        21.98  28  67  1. 18 

FcjOj     CaO         F  H2O 

o.ii       16.63       5-^4  2.10  =  102.00; 

yielding  formula  CeFCaCjOg.  — L.  McI.  L. 

Termierite. — G.  Friedrl. — Sur  la  termi^rite  et  la  lassallite,  deux 
especes  nouvelles  des  silicates.     Bull.  Soc,  Min,y  24,  4,  1901. 

Found  with  kaolinite  and  barite  at  Miramont  (the  antimony  deposits), 
France. 

Termierite,  amalysis :  SiOj  78.29,  AljOj  15.00,  FcjOg  (FeO  pt.  ?) 
4.85,  CaO  i.77i  MgO  0.47  =  100.38,  yielding  formula  Al203.6Si02 
4"  iSHjO,     Occurs  in  small  gray  masses  with  conchoidal  fracture. 
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LassaJliie,  analy^s  (on  dried  material):  SiO^  69.27,  AI^O,  19.42, 
Fe^Og  0.84,  MgO  10.01,  CaO  1.30,  HjO  14.22  =:  100.84;  yielding 
formula  3MgO. 2AI2O,. i aSiO,  -{- 8H2O.  Occurs  in  white,  asbestus-like 
fibers. — L.  McI.  L. 

Torbemite. — F.  Rinne. — Kupferuranite  und  seine  Entwasserungspro- 
dukte.     Cbl.f,  Af,G.  u,  P,,  1901,  No.  20,  618. 

The  doubt  thrown  upon  the  crystalline  system  of  lorbernite  by  the  in- 
vestigations of  Walker  (^Am.  J,  Set'.,  VI.,  41,  1898)  lead  to  a  further 
study  of  the  torbrrnite  of  Redruth,  Cornwall,  as  the  result  of  which  Rinne 
claims  that  for  this  material  the  system  is  tetragonal.  Also  that  by  loss 
of  water  at  60-65  these  negative  crystals  pass  into  positive  tetragonal 
crystals  and  by  further  loss  at  100  into  a  series  of  orthorhombic  com- 
pounds similar  to  autunite  in  structure. — A.  J.  M. 

Tourmaline.— £.  A.  y/jl\fir\g,— Program .  3.82 Jahresf tier  d.  k.  Wurt- 
tfmb,  landwirt,  Akad.  Hohenkeim^  p.  99,  1900. 

Discusses  tourmaline  and  gives  connection  between  crystallographic 
constants  and  chemical  composition  and  also  the  results  of  thirty-three 
best  analyses.  Previous  constants  are  discussed  and  new  crystallographic, 
optical  and  density  determinations  are  given. — L.  McI.  L. 

Turquois — S.  L.  Penfield.— On  the  Chemical  Composition  of  Tur 
quois.      Am.  Jour,  Sa'.,  iv.,  X.,  347,  1900. 

The  analysis  of  exceptionally  pure  and  homogeneous  material  from 
Crescent  mining  district,  Lincoln  County,  Nevada,  shows  that  the  com- 
position may  be  expressed  as  follows  : 

[A1(0H)„  Fe(OH),.  Cu(0H),H]8P0, 

The  [Al(OH))]  radical  always  predominates  but  is  not  present  in 
fixed  proportion.  This  does  not  agree  with  Clarke's  suggestion  that  the 
mineral  contains  iron  and  copper  phosphates  as  impurities. — L.  McI.  L. 

Valeriite.— J.  Tttr^n.—  Gro/,  Foren,  XX.,  p.  183.  Name  formerly 
given  by  Blomstrand  to  a  substance  with  formula : 

2CuS,  FeSjj  +  2MgO,  Fe^Oj  +  4H2O. 

Proved  to  be  now  a  mixture. 

Viellaurite  and  Torrensite.  —  A.  Lacroix,  —  Sur  les  min^raux  des 
gisements  mangan^if^res  des  Hautes-Pyren to.  Bull.  Soc.  Min. ,  XXIII. , 
251,  1900. 

The  supp  sed  new  minerals  viellaurite  and  torrensitey  of  Ville-Aure, 
described  by  Lienan,  are  proved  to  be  simply  mixtures  of  dialogite  and 
tephroiie  and  of  dialogite  and  rhodonite,  respectively. — L.  McI.  L. 

Yttrialite.  —  W.  F.  Hillebrand,  — The  composition  of  Yttrialite  with 
a  criticism  of  the  formula  assigned  to  Thal^nite.     Am.  Jour,  Sci.,  iv., 

i3»  i45>  1902. 

An  elaborate  chemical  discussion.  Author  concludes  that  empirical 
formula  of  Hidden  and  Mackintosh  for  yttrialite  is  confirmed,  and  that 
the  basic  formula  of  Benedicks  has  no  standing,  as  it  rests  on  error. 

This  formula  of  Hidden  and  Mackintosh  is  not  that  of  a  simple  salt  of 
the  acid  H^SijO-,  but  the  real  formula  may  be  that  of  a  basic  metasili- 
cate  R"R'''8(R'"0)',(Si03)7. 

The  thal^nite  formula  proposed  by  Benedicks  is  doubtful. — L.  McI.  L. 
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RADIO-ACTIVITY   AND   CHEMISTRY.* 

By  GEORGE  F.  BARKER. 

Gentlemen  of  the  Chemical  Society  : 

The  words  radiate  and  radiation  are  familiar  to  us  in  ordinary 
life.  Rail\yays  are  said  to  radiate  from  a  junction,  and  streets 
to  radiate  from  a  common  point  of  intersection.  Meteors  appear  to 
stream  out  from  a  point  in  the  heavens  which  is  called  the  radiant 
point.  The  sun  radiates  energy  to  us ;  the  apparatus  by  which 
our  houses  are  warmed  with  steam  heat  is  called  a  radiator,  and 
rays  of  sound  reach  our  ears  from  all  musical  instruments.  The 
word  ray,  however,  represents  only  direction ;  a  light  ray,  a  heat 
ray  or  a  sound  ray  is  not  light,  heat  or  sound,  but  represents  only 
the  direction  along  which  these  agencies  travel.  A  source  from 
which  rays  are  emitted  is  said  to  be  a  radio-active  source,  and  a 
radio-active  body  is  a  body  which  is  active  in  emitting  rays.  The 
property  of  thus  emitting  rays  is  called  radio-activity. 

Within  the  past  few  years  a  surprising  progress  has  taken  place 
in  the  discovery  of  new  varieties  of  rays ;  and  the  phenomena  con- 
nected with  these  rays  have  had  material  influence  in  modifying 
the  views  generally  received,  not  only  on  the  subject  of  radiation, 
but  particularly  upon  the  constitution  of  matter.  We  can  study 
these  phenomena  by  means  of  the  electric  discharge  perhaps  better 


*  An  address  delivered  by  Professor  George  F.  Barker,  LL.D.,  of  the  University 
of  Pennsylvania,  before  the  Chemical  Society  of  Columbia  University  in  Havemeyer 
Hall,  March  19,  1903. 
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than  in  any  other  way.  When,  for  example,  an  electric  spark 
passes  through  the  air,  its  path,  as  you  see,  is  a  zigzag  line  five  or 
six  inches  in  length.  If,  however,  the  air  through  which  the  dis- 
charge passes  is  rarefied,  as  is  the  case  in  the  tubes  before  us,  the 
spark  will  pass  through  five  or  six  feet  of  air  instead  of  a  few 
inches.  Moreover,  you  will  observe  that  the  light  in  these  tubes 
is  purplish  in  color,  determined  by  the  character  of  the  gas  which 
they  contain ;  being  crimson  in  the  case  of  hydrogen,  flame-red  in 
that  of  neon,  and  purple-red  with  nitrogen.  These  tubes  were 
first   made   by   Geissler,  of  Bonn,  and  therefore  are  known  as 


Geissler  tubes.  The  exhaustion  in  them  is  such  as  to  support  a 
column  of  mercury  somewhat  less  than  a  millimeter  high ;  repre- 
senting therefore  a  pressure  of  about  a  thousandth  of  an  atmos- 
phere. 

In  1879  Sir  William  Crookes  made  an  elaborate  investigation  of 
the  phenomena  produced  by  the  electric  discharge  in  much  higher 
vacua,*  The  tubes  devised  by  him  are  known  as  Crookes  tubes. 
In  the  one  before  you  you  notice  that  the  electric  discharge  pro- 
duces a  greenish  color  and  that  the  path  of  the  discharge  itself  is 
no  longer  visible.  The  exhaustion  in  these  Crookes  tubes  is  only 
one  thousandth  of  that  in  the  Geissler  tubes,  or  is  about  a  millionth 
of  an  atmosphere. 

•Crookes,  PAi/.  Tram.,  CLXX.,  135.  641,  1879 ;  Nttturt,  XX.,  419,  436,  1879. 
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In  the  Geisslcrtube  (Fig.  2)  the  dischargevistbly  passes  between 
the  anode  and  the  kathode,*  the  one  terminal  being  of  as  much 
importance  apparently  as  the  other,  -f-  In  the  Crookes  tube,  how- 
ever (Fig.  3).  the  discharge  is  entirely  independent  of  the  anode 
and  appears  to  proceed  from  the  kathode  alone.  Moreover,  you 
will  notice  that  in  the  Crookes  globe  the  luminous  effect  upon  the 
glass  is  directly  opposite  to  the  kathode,  so  that  the  rays  proceed- 
ing from  the  kathode  move  in  straight  lines  and  strike  upon  the 
glass  exactly  opposite  the  electrode.     For  this  reason  these  rays 


Fig.  3. 


thus  produced  in  this  very  high  vacuum  are  sometimes  called 
kathode  rays.  In  further  proof  of  the  fact  that  these  kathode  rays 
pass  in  straight  lines.Sir  William  Crookes  has  devised  the  beautiful 
tube  which  is  now  before  you  (Fig.  4).  Between  the  kathode  and 
the  glass  at  the  opposite  end  of  the  tube  is  a  little  Maltese  cross 
made  of  metal.  When  the  discharge  passes,  the  Maltese  cross  in- 
tercepts the  kathode  rays  and  their  shadow  is  produced  upon  the 
glass,  this  shadow  being  dark  on  a  green  ground.  The  production 
of  light  in  this  way  without  any  considerable  heat  was  called 
luminescence  by  E.  Wiedemann  and  the  glass  is  said  to  luminesce 
under  the  action  of  the  kathode  rays.  The  color  of  this  lumines- 
cence depends,  not  upon  the  gaseous  contents  of  the  tube,  but  upon 
the  solid  material  upon  which  the  rays  impinge.     The  Crookes 

*  The  vord  electrode  is  used  to  ugnify  a  conducling  lermioal  by  wtucb  the  dis- 
cbarge is  carrird  into  or  out  of  llie  lube  ;  the  one  by  which  tbe  current  enters  the  lube 
being  called  (he  anode,  and  tbe  one  by  which  it  leaves  it  Ihe  kalhode. 

f  la  Figs.  2  and  3  the  kathode  is  on  the  right-hand  side. 
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tubes  we  have  thus  far  used  are  made  of  German  glass  and  the 
luminescence  produced  is  greenish.  Here  is  a  tube  which  is  made 
of  flint  glass  and  the  luminescence  is  a  beautiful  blue.  Within  the 
tube  which  I  now  show  you  is  a  piece  of  ordinary  coral.  When 
the  Crookes  rays  strike  this  coral  a  brilliant  reddish  or  purplish- 
blue  luminescence  is  produced  which  is  very  intense.  Next  to  the 
diamond,  the  ruby  luminesces  most  powerfully.  Fig.  S  shows  the 
ruby  tube  of  Crookes. 

Here  again  is  an  interesting  tube  devi.sed  by  Sir  William  Crookes 


Fic.  4.  Fig.  5. 

for  showing  the  path  of  the  rays  (Fig.  6],  It  contains  a  strip  of 
mica,  on  one  face  of  which  is  placed  a  luminescent  powder. 
Through  a  narrow  siit  In  a  disk  of  mica  at  the  left-hand  end  of  the 
strip  and  perpendicular  to  it,  the  Crookes  rays  are  made  to  pass, 
and  as  they  move  over  the  mica  they  cause  a  luminescent  streak 
on  it  where  they  impinge.  By  means  of  this  ingenious  contrivance 
we  can  study  one  of  the  most  remarkable  properties  of  these  rays. 
If  I  bring  beneath  this  tube  an  ordinary  steel  magnet  you  will  ob- 
serve that  the  ray  is  deviated  either  downward  or  upward  accord- 
ing to  the  polarity  of  the  magnet.     In  the  same  way,  by  bringing 


HMa.a^'r, 


the  magnet  near  to  the  Maltese  cross  tube  when  in  action  we  may 
deviate  the  Crookes  rays  in  that  tube,  causing  the  shadow  to  move 
about  over  the  end  of  the  tube.  Hence  it  is  obvious  that  the 
Crookes  rays  cannot  he  light  rays,  since  they  are  deviated  by  a 
magnetic  field.  Here  is  a  second  similar  tube  (Fig.  7)  in  which 
there  are  two  kathodes  and  also  two  parallel  openings  in  the  mica 
disc  at  the  lower  end  of  the  mica  strip;  so  that  when  a  discharge 
takes  place  through  either  of  them  a  straight  line  of  light  is  pro- 
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duced  along  the  strip.  When  the  discharge  takes  place  through 
both  simultaneously,  however,  the  two  lines  of  light  are  deviated 
away  from  each  other,  passing  toward  the  edges  of  the  strip  to  the 
right  and  left  as  is  shown  by  the  dotted  lines  in  the  figure.  Inas- 
much as  two  similarly  electrified  bodies  repel  one  another,  the 
repulsion  of  these  two  streams  indicates  the  deviation  of  the 
Crookes  rays  by  an  electrical  field  as  the  first  tube  did  by  a  mag- 
netic one. 

Further,  these  Crookes  rays  carry  a  good  deal  of  energy  with 
them.     If  the  kathode  be  made  concave,  inasmuch  as  the  rays  are 


Fig.  7.  Fic.  8.  • 

shot  out  at  right  angles  to  the  surface,  they  will  converge  to  a  com- 
mon focus ;  and  now,  jf  a  thin  plate  of  platinum  is  placed  at  ttiis 
focus  it  will  be  raised  to  redness,  as  the  tube  which  is  now  in  action 
before  you  clearly  shows  (Fig,  8).  If  the  current  is  sufficiently 
strong,  it  may  even  be  melted ;  as  Sir  Wm.  Crookes  proved  by 
fusing  platinum-iridium  in  this  way.  The  amount  of  this  energy 
has  been  calculated  by  Ferrjn,  who  concludes  that  a  kilogram  of 
these  corpuscles,  on  impact,  would  raise  to  the  boiling  point  in  one 
second  the  waters  of  a  lake  i,cxx)  hectares  (2,500  acres)  in  area  and 
5  meters  (16.4  feet)  deep. 

And  now,  what  is  the  nature  of  these  Crookes  rays?  Sir  Wil- 
liam Crookes  himself  was  of  the  opinion  that  they  consist  of  the 
material  particles  of  the  residual  gas,  which  being  negatively  elec- 

*  For  the  loan  of  tbese  Crookes  tube  cuts  we  ire  indebted  lo  Queen  &  Co. 
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trifled  at  the  surface  of  the  kathode  are  repelled  by  it  and  driven 
away  with  a  high  velocity.  In  proof  of  his  hypothesis  he  devised 
a  variety  of  tubes  beautifully  showing  this  mechanical  action.  Here 
is  a  Crookes  tube,  for  example,  which  contains  a  little  windmill  with 
its  vanes  inclined  to  the  axis  about  which  it  turns.  Above  it  is  the 
kathode  and  when  the  rays  are  shot  out  from  this  electrode  they 
strike  the  vanes  and  drive  the  little  windmill  around  with  great 


Fig.  9. 

speed.  To  make  the  rotation  more  apparent  you  notice  that  the 
vanes  are  colored  with  luminescent  materials  showing  brilliant  red 
and.  blue  colors  when  the  rays  strike  them.  In  Crookes  railway 
tube  (Fig.  9)  the  ily  rolls  along  a  pair  of  glass  rails.  By  making 
the  proper  terminal  the  kathode  it  may  be  driven  in  either  direc- 
tion. In  the  tube  now  shown  (Fig.  10)  the  vanes  are  parallel 
with  the  axis  like  a  radiometer  and  are  covered  on  one  side  with 


Fig.  10. 


TaElectrometer' 

Fig.  II. 


mica.  So  that  if  we  make  these  vanes  the  kathode,  the  discharge 
of  the  electrified  particles  from  their  surfaces  causes  a  revolution 
of  the  fly  by  reaction.  Since  the  kathode  is  the  negative  electrode 
the  particles  which  have  come  in  contact  with  it  and  been  thereby 
driven  ofTmust  be  negatively  electrified. 
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In  1895  Perrin*  proved  the  fact,  and  two  years  later  J.  J.  Thom- 
son confirmed  it,t  that  the  Crookes  rays  consist  of  streams  of  nega- 
tively electrified  material  particles.  A  diagram  of  the  apparatus 
by  which  Thomson  obtained  his  results  is  now  before  you  on  the 
screen  (Fig.  11).  On  the  left  side,  at  the  upper  end  of  the  diagram, 
is  a  Crookes  tube,  ^ being  the  kathode  and  A  the  anode.  The  rays 
from  the  kathode,  being  driven  out  in  straight  lines,  impinge  upon 
the  wall  of  the  larger  globe  at  the  point  B.  At  the  lower  side  of 
this  large  globe  is  a  tube  containing  a  metal  ball  Z>,  which  by 
means  of  a  wire  is  connected  with  an  electrometer.  Outside  of 
this  ball  is  a  thin  metallic  casing  C  terminating  in  a  sphere  above, 
surrounding  the  ball  and  connected  to  earth.  By  this  external 
tube  the  ball  is  screened  from  all  outside  electric  influence.  The 
ball  itself  and  its  envelope  are  seen  to  be  pierced  with  openings 
opposite  one  another ;  and  now,  if  by  means  of  a  magnet,  the  rays 
be  deviated  so  that  instead  of  striking  the  glass  at  the  point  B  they 
strike  the  openings,  they  penetrate  the  ball  and  give  up  their  charge 
to  it.  When  in  operation  this  apparatus  shows  that  the  electrom- 
eter becomes  negatively  electrified ;  a  negative  charge  having 
been  imparted  to  the  ball  by  the  contact  of  the  negatively  electri- 
fied particles. 

Moreover,  Thomson  continued  his  investigations  much  further. 
In  fact,  he  succeeded  in  actually  measuring  the  mass,  the  charge 
and  the  velocity  of  these  negatively  electrified  particles  constitut- 
ing the  Crookes  rays. 

We  have  seen  that  these  rays  are  deflected  by  both  a  magnetic 
and  an  electric  field.  Now,  we  know  that  if  the  lines  of  force  of 
the  magnetic  field  are  perpendicular  to  the  direction  of  motion  of 
a  particle,  the  particle  will  experience  a  force  which  is  perpendic- 
ular to  both  these  directions  and  whose  value  is  equal  to  Hev. 
Many  years  ago,  as  Thomson  points  out,  Sir  George  Stokes  showed 
that  when  the  particles  move  at  right  angles  to  the  direction  of 
the  field  they  describe  circles  whose  radius  p  is  equal  to  nrvIHe, 
in  which  m  represents  the  mass  of  the  particle,  v  its  velocity,  e  its 
electric  charge  and  H  the  strength  of  the  field.  Whence  Hp 
=  rnvje .  The  character  of  the  trajectory  as  altered  by  a  magnet 
is  now  on  the  screen  (Fig  1 2).  The  rays  from  the  kathode  K  pass 
through  a  slit  at  B  and  strike  the  glass  at  C,     Under  the  action  of 

*  Perrin,  Comptes  Rendus^  cxxi.,  1 130,  1895. 

t  J.  J.  Thomson,  Phil.  Mag.^  V.,  xliv.,  293,  1897. 
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a  magnetic  field  whose  lines  are  perpendicular  to  the  paper,  these 
rays  are  deflected  to  D,  the  trajectory  being  now  the  arc  of  a 
circle.  Suppose  now  that  we  use  an  electric  field  and  a  mag- 
netic field  conjointly  at  right  angles  to  each  other  and  to  the  direc- 
tion of  motion  of  the  particles  ;  and  further  that  we  make  the  elec- 
tric force  Fe  balance  the  magnetic  force  Hev.  We  then  shall  have 
the  electric  force /v=bs  Hev,  from  which  v,^^  FjH]  or,  in  other 
words,  the  speed  of  the  particles  is  the  ratio  of  the  intensity  of  the 
two  fields.  Substituting  the  value  of  v  thus  obtained  in  Sir  George 
Stokes'  formula,  we  obtain  the  value  of  mje  ;  L  e.,  the  ratio  of  the 


Fig.  12. 

mass  of  the  particle  to  its  electric  charge.  Professor  Thomson 
found  for  the  value  of  mje,  io~' ;  so  that  when  e  is  equal  to  i,  w 
is  represented  by  IO~^  As  these  values  are  in  C.G.S.  units,  the 
mass  of  the  particles  required  to  carry  unit  charge  under  these 

conditions  is  yirirtrinnnr  ^^^i  S^^"^  ^^  tjsUjs  ^^  »  milligram  * 

Inasmuch  as  Thomson  also  proved  that  the  electric  charge  on  a 
particle  in  the  case  of  gaseous  electrolysis  is  the  same  as  that  on  a 
hydrogen  atom  in  liquid  electrolysis,  namely,  1.13  X  iO~"'E.M.U., 
and  since  the  mass  of  hydrogen  required  to  carry  a  unit  charge  in 
the  case  of  ordinary  electrolysis  is  y^  of  a  milligram,  it  follows  that 
the  mass  of  kathode  particles  required  to  carry  a  unit  charge  (since 
this  mass  is  yjs^isis  ^^  ^  milligram)  can  be  only  y^\j^  as  great.  In 
other  words,  that  the  mass  of  each  of  these  particles  constituting 
the  kathode  rays  is  only  ^^^Vtt  ^^  ^^^  mass  of  a  hydrogen  atom. 
Now,  as  the  received  value  of  the  mass  of  a  hydrogen  atom  is  2.3  X 

*J.  J.  Thomson,  /Vi/V.  Mag.^  V.,  xlviii.,  547,  1899;   Proc.  Roy.  Inst.^  xvi,,  574, 
I901. 
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IO-",  the  mass  of  a  katliode  particle  must  be  YvSns  of  this,  or  2.3  X 
10-"  milligram. 

In  Thomson's  experiments  the  speed  of  the  particles  was  deter- 
mined to  be  from  2.2  to  3.6  x  io»  centimeters  per  second.  As  the 
speed  of  light  is  3  x  10'°  centimeters  per  second,  the  particles  con- 
stituting the  kathode  rays  in  Thomson's  experiments  had  a  velocity 
of  about  one  tenth  that  of  light.  Since,  however,  the  trajectory 
and  therefore  the  velocity  depends  upon  the  degree  of  exhaustion 


Fic.    ij.      Profi-s«irJ.  J.  Tli.mison. 

in  the  tube,  it  varies  someuhat  in  diffcient  experiments,  the  high- 
est value  thus  far  obtained  being  70.000  miles  a  second,  or  about 
two  fifths  the  speed  of  light.  The  variation  of  the  trajectory  with 
the  exhaustion  is  readily  bhown  by  the  tube  now  before  you  (Fig. 
14).     It  is  similar  to  the  defection  tube  just  shown  except  that 


a  small  tube  containing  potassium  hydrate  is  placed  at  one  end. 
If,  at  first,  the  trajectory  is  represented  by  the  lesser  curvature  it 
becomes  greater  on  lowering  the  vacuum  by  heating  the  little  tube, 
thereby  setting  free  moisture. 

Moreover  Thomson  has  shown  that  the  ratio  of  the  mass  of  a 
particle  to  its  electric  charge  is  entirely  independent  both  of  the 
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nature  of  the  gas  and  of  that  of  the  electrodes  ;  and  hence  that  these 
particles  constitute  an  entirely  new  kind  of  matter  hitherto  un- 
known. Since  the  phenomena  in  many  respects  so  strongly  sug- 
gest the  Newtonian  corpuscular  theory,  Professor  Thomson  calls 
these  particles  "  corpuscles."  They  constitute  invariable  constitu- 
ents of  all  material  atoms  and  molecules.  Indeed,  Professor  Thom- 
son has  gone  so  far  as  to  suggest  that  they  constitute  negative 
electricity ;  thus  implying  a  return  to  the  electric  single  fluid  theory  . 
of  Franklin.* 

The  question  now  arises,  can  these  or  similar  rays  be  obtained 
outside  of  this  highly  exhausted  tube  ?  In  1893  Professor  Len- 
ard  t  replaced  a  portion  of  the  glass  wall  of  the  tube  opposite  the 
kathode,  with  a  very  thin  plate  of  aluminum  and  thus  obtained 
outside  the  tube  rays  very  analogous  to  the  Crookes  rays.     By  the 


Fn;.  15.     IVofessor  W.  C.  Roenteen.J 

kindness  of  Mr.  Nikola  Tesla,  I  show  you  here  some  Lenard  tubes 
made  by  him,  together  with  several  radiographs  taken  with  them. 
The  following  year  Professor  Roentgen,!  °f  Wiirzburg,  discov- 
ered rays  which  had  peculiar  properties,  outside  of  the  ordinary 
walls  of  a  Crookes  tube.  There  was  lying  upon  his  table,  near 
the  tube  with  which  he  was  experimenting,  a  piece  of  cardboard 

*J.  J.  Thomson,  Harper's  A/ux-iiinr,  ciii.,  564,  Sepiember,  I90I. 
t  Lenard,  Ann.  Pkys.  Cktm.,  li,,  225,  1894;  Ivi.,  255,  1895. 
J  Roentgen,  Nalure,  liii.,  274,  1896  ;  Ann.  Fhy!,  Chem..  LXIV..  I,  12.  18,  189S. 
\  This  cut,  and  also  that  of  Sir  Wm.  Crookes,  were  laken  by  permission  of  the 
Macmillan  Company,  from  S.  P.  Thompson's  book,  "  Lighl,  Visible  aud  Invisible." 
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covered  with  a  familiar  luminescent  material  known  as  the  platino- 
cyanide  of  barium.  He  observed  that  when  the  tube  was  in 
action  this  card  luminesced  strongly.  Moreover,  these  new  rays 
had  a  remarkable  penetrating  power.  They  passed  through  a 
book  of  a  thousand  printed  pages ;  through  a  double  pack  of 
cards ;  through  boards  two  or  three  centimeters  thick ;  through 
tin  foil  and  aluminum  foil ;  through  hard  rubber;  through  silver, 
copper,  platinum,  gold  and  lead,  which  he  found  to  be  transparent  to 
them  in  this  order.  A  lead  plate  1.5  millimeters  thick,  however, 
was  quite  opaque  to  them. 

In  the  Crookes  tube  now  before  you  (Fig.  16)  you  will  observe 
that  a  platinum  plate  A  is  placed  at  an  angle  of  45^  to  the  mean 
direction  of  the  Crookes  rays,  which  are  converged  upon  it  from 


Fig.  16. 

a  concave  kathode  K,  in  the  focus  of  which  is  the  plate.  At  the 
point  of  impact  the  new  rays,  which  are  now  known  as  Roent- 
gen rays,  originate,  and  hence  the  point  of  impact  is  their 
source.  They  move  in  straight  lines  ;  they  produce  luminescence 
in  various  materials ;  they  affect  the  photographic  plate ;  they  have 
an  extraordinary  penetrating  power,  and  they  can  ionize  gases 
and  so  render  them  conducting.  If,  for  example,  I  place  abarium- 
platino-cyanide  screen  in  front  of  the  tube,  you  will  observe  that 
when  the  tube  is  operating  the  screen  lights  up  brilliantly  under 
the  action  of  these  rays ;  and  this  notwithstanding  the  fact  that  a 
black  enameled  cloth  impervious  to  light  is  placed  between  it  and 
the  tube. 

I  have  here  a  number  of  sheets  of  metal  arranged  in  this  order : 
platinum,  lead,  silver,  copper,  iron,  zinc,  aluminum,  the  order  being 
that  of  their  densities,  platinum  having  a  density  of  21.5  and 
aluminum  one  of  2.5.  I  place  each  of  these  sheets  successively 
between  the  Crookes  tube  and  the  luminescent  screen.  When 
placed  in  front  of  the  screen  you  notice  that  they  are  all  perfectly 
opaque  to  the  luminescent  light  which  the  screen  itself  emits,  but 
that  when  placed  behind  the  screen  the  absorptive  effect  produced 
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diminishes  regularly,  and  in  approximately  the  same  order  as  the 
density  diminishes.'*'  Through  this  rather  thin  sheet  of  platinum, 
for  example,  no  Roentgen  rays  are  transmitted  and  the  field  is  dark. 
The  lead  sheet  being  much  thicker  also  practically  stops  the  rays. 
The  screen  begins  to  luminesce  when  the  silver  plate  is  introduced, 
the  luminescence  increasing  steadily  until  with  the  aluminum 
scarcely  any  difference  can  be  noticed  when  the  metallic  sheet  is 
introduced.  Hence  substances  like  the  metals,  which  are  opaque 
to  light,  are  penetrable  by  Roentgen  rays.  Conversely,  we  may 
show  in  this  way  also  the  non- transparency  to  the  Roentgen  rays 
of  substances  which  are  perfectly  transparent  to  light.  Thus  you 
observe  that  ordinary  window  glass,  which  is  perfectly  transparent 
to  light,  is  only  semi-transparent  to  the  Roentgen  rays;  and  wood, 
which  is  perfectly  opaque  to  light,  is  perfectly  transparent  to  these 
rays ;  as  is  also  celluloid,  and  to  almost  the  same  degree,  ebonite. 
This  remarkable  penetrating  power  of  the  Roentgen  rays,  so  en- 
tirely unlike  that  possessed  by  light,  may  also  be  well  shown  by 
making  use  of  the  ordinary  photographic  plate  for  this  purpose ; 
since  such  plates  are  sensitive  to  these  rays.  EflTects  so  produced 
are  known  as  radiographs,  to  distinguish  them  from  the  eflfects  pro- 
duced by  light  which  are  called  photographs.  I  have  the  pleasure 
of  showing  you  here  Roentgen-ray  radiographs  of  various  sorts. 
Here  is  an  aluminum  medallion  of  the  great  chemist  Woehler,  the 
discoverer  of  this  metal.  The  original  medallion  was  in  copper, 
and  when  aluminum  was  made  commercial  by  Mr.  Hall's  discovery, 
Dr.  Chandler  suggested  the  reproduction  of  this  medallion  in  alumi- 
num in  order  to  connect  the  name  of  his  old  teacher  with  one  of 
Woehler's  most  important  discoveries.  Placing  this  medallion  upon 
an  ordinary  photographic  plate,  protected  from  the  action  of  ordi- 
nary light,  by  layers  of  black  and  orange-colored  paper  Roentgen 
rays  were  allowed  to  fall  upon  the  medallion  for  ten  minutes.  The 
radiograph  shows  the  profile  of  Woehler  perfectly,  in  consequence 
of  the  varying  transparency  of  its  diflferent  parts  in  virtue  of  their  dif- 
ferent thicknesses.  Here  is  a  print  from  the  original  plate,  mounted 
side  by  side  with  an  ordinary  photograph  of  the  same  medal- 
lion, showing  the  relation  of  the  radiograph  to  the  photograph. 
I  have  here  a  second  radiograph  of  the  same  general  character, 
but  taken  through  a  different  metal.     It  was  made  from  a  copper 


*  The  plates  were  not  exactly  of  the  same  thickness. 
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medallion  of  Professpr  Henry  Draper  and  wa3  taken  from  the 
original  design  made  by  Chaplain  of  Paris,  for  the  gold  medal  now 
given  by  the  National  Academy  of  Sciences  for  investigations  in 
astronomical  physics,  the  fund  having  been  donated  for  this  pur- 
pose by  Mrs.  Draper.     The  detail  of  this  radiograph  is  remarkable. 

Again,  the  photographic  method  may  also  be  used  to  illustrate 
the  difference  in  the  penetrability  to  Roentgen  rays  of  what  are 
ordinarily  called  transparent  bodies.  Here  is  a  plate  on  which 
were  placed  the  six  transparent  minerals :  rock-salt,  fluorspar,  cal- 
cite,  mica,  quartz  and  selenite.  The  radiograph  shows  that  they 
are  all  more  or  less  opaque  to  the  Roentgen  rays,  the  first  three 
being  perfectly  so.  Moreover,  on  the  same  plate,  lower  down,  we 
have  crown  glass,  unannealed  glass,  flint  glass,  didymium  glass 
and  uranium  glass,  and  also  paraffin.  The  parafiin  is  seen  to  be 
perfectly  transparent ;  while  the  flint  glass  is  very  opaque,  the 
unannealed  glass  more  transparent  and  the  crown  glass  still  more 
so ;  the  others  being  intermediate. 

It  is  interesting  to  observe  the  transmissibility  of  these  rays  in 
the  case  of  precious  stones.  Here  is  a  radiographic  plate  on  which 
were  placed  four  imitation  diamonds,  three  genuine  ones,  three 
quartz  crystals,  a  cut  beryl  and  a  diamond  ring.  Throwing  an 
image  of  this  plate  on  the  screen  you  perceive  that  the  imitation 
diamonds  are  perfectly  opaque,  no  Roentgen  rays  being  trans- 
mitted through  them  and  the  plate  beneath  them  being,  therefore, 
unaffected  ;  while  the  diamonds  are  equally  transparent,  the  plate 
being  darkened  under  them  as  though  they  were  not  there.  Quartz 
and  the  beryl  are  intermediate.  The  gold  of  the  ring  is,  of  course, 
opaque ;  but  the  diamond  in  the  setting  as  you  see  is  invisible 
since  the  rays  pass  through  it  freely.  Here  is  a  radiograph  of  a 
shell  cameo  (Fig.  17)  showing  its  transparency  to  these  rays,  in 
comparison  with  the  gold  setting  which  is  opaque.* 

The  Roentgen  rays,  like  the  Crookes  rays,  have  the  power  of 
ionizing  gases  when  passed  through  them ;  that  is,  of  dissociating 
them  into  their  ions  and  thereby  rendering  them  electrolytic  con- 
ductors. Here  is  an  ordinary  gold  leaf  electroscope  kindly  loaned 
me  by  Professor  Hallock.  I  place  it  in  front  of  the  lantern  and 
throw  an  image  of  the  gold  leaves  on  the  screen.  By  means  of 
a  rod  of  ebonite,  these  gold  leaves  may  be  charged  and,  as  you 

*  I  am  indebted  for  this  slide,  as  well  as  for  various  other  excellent  radiographs,  to 
my  friend  Profesbor  A.  W.  Goodspeed,  president  of  the  American  Roentgen  Ray  Society. 
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sec,  made  to  diverge.  The  Roentgen  tube  is  some  feet  away  from 
them;  and  yet  you  notice  that  the  moment  it  is  put  in  action,  the 
gold  leaves  at  once  fall  together ;  showing  that  the  electroscope 
has  been  discharged  by  the  surrounding  air,  made  a  conductor  by 
the  passage  of  the  Roentgen  rays  through  it.  Flame  will  also  ionize 
air.  Exciting  the  electroscope  as  before,  I  hold  a  lighted  match 
above  the  divergent  gold  leaves.  The  electroscope  is  dischai^ed 
and  the  leaves  fall. 

It  will  be  observed,  therefore,  that  these  rays  discovered  by  Pro- 
fessor Roentgen  are  entirely  different  in  many  of  their  properties 
from  the  Crookes  rays.     They  have  also,  however,  remarkable 


Fig.  17.     Radit^raph, 

negative  properties  which  distinguish  them  from  Crookes  rays  on 
the  one  side  and  from  ordinary  light  rays  on  the  other.  From 
Crookes  rays  they  arc  distinguished  by  the  fact  that  they  have  not 
been  deviated  by  a  magnetic  or  an  electric  field ;  from  light  rays 
by  the  fact  that  they  have  not  been  shown  capable  of  either  reflec- 
tion, refraction  or  polarization. 

Since  the  Roentgen  rays  produce  luminescence,  the  inquiry  was 
natural,  may  not  luminescent  bodies  emit  penetrating  rays  like  the 
Roentgen  rays  ?  The  experiment  was  first  tried  by  Professor  Henri 
Becquerel,  of  Paris,  in  1896.*     The  salts  of  uranium  are  known  to 

•Becquerel,  Camplts  Rtndus,  cnxii.,  4K1,  501,  689,  762, 1086, 1896;  cxxiii.,  855  ; 
RappoTtt  an  Qtngrh  Intirnalionat  dc  I'hysiqut,  Paris,  1900,  iii.,  47. 
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luminesce  when  exposed  to  sunlight.  He  placed,  thererore,  some 
of  the  double  sulphate  of  uranium  and  potassium  on  a  protected 
plate,  the  covering  absolutely  impervious  to  sunlight,  and  exposed 
the  whole  to  the  sun.  On  developing,  the  plate  was  found  to  be 
darkened.  Endeavoring  to  repeat  the  experiment,  the  day  was 
cloudy  and  the  plate  as  arranged  was  put  away  in  a  drawer.  As 
no  sun  appeared  for  two  or  three  days,  he  finally  developed  the 
plate  without  havinf;  exposed  it  to  sunlight,  expecting  naturally  to 


FiC  iS.      Uranium  radiogiaph. 

get  no  result.  But  to  his  surprise  he  found  that  the  plate  had  been 
very  strongly  impressed,  and,  therefore,  concluded  that  the  salts 
of  uranium  were  capable  of  emitting  rays  which  aflectcd  the 
photographic  plate,  even  when  these  salts  were  not  luminescent. 
Although  his  father  many  years  before  had  proved  that  the 
luminescence  of  uranium  salts  was  very  brief  after  the  removal 
of  the  exciting  cause,  its  phosphorescence  lasting  only  the  hun- 
dredth of  a  second,  he  thought  that  possibly  some  effect  might 
have  been  produced  upon  the  uranium  salt  by  the  previous  ex- 
posure of  the  material  to  ordinary  daylight.  So  he  dissolved  the 
material  used,  uranium  nitrate,  in  water  (substances  in  the  liquid 
state  not  being  active)  and  recrystallized  it  in  the  dark ;  and  with 
this  new  material  repeated  his  experiment.  The  result  was  the 
same  as  before.     Hence  this  power  of  emitting  penetrating  rays. 
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thus  discovered  by  him,  nas  shown  to  be  a  property  of  the  uranium 
itself  and  was  not  dependent  upon  any  previous  stimulation. 
There  is  now  upon  the  screen  the  radiograph  of  a  medal  (Fig.  i8) 
taken  by  Becquerel  himself  with  uranium  rays.  These  uranium 
rays,  therefore,  thus  produced ,  have  since  been  known  as  Becquerel 
rays.  1  take  pleasure  in  showing  you  a  specimen  of  metallic  ura- 
nium obtained  from  Professor  Moissan's  laboratory  in  Paris  in  1899. 
Also  several  uranium  salts  such  as  the  nitrate,  chloride  and  espe< 
cially  this  beautiful  doubie  sulphate  of  uranium  and  potassium,  the 
salt  with  which  Professor  Becquerel  made  his  first  successful  ex- 


Professor  H.  Becquerel. 

periments.*  Here  also  is  the  mineral  uraninite,  in  which  polo- 
nium, radium  and  actinium  were  afterward  discovered,  and  also 
samarskite,  monazite  and  thorite,  minerals  all  containing  uranium 
and  thorium,  and,  therefore,  all  radio-active. 

In  1898  Madame  ^klodowska  Curie,  of  the  Ecote  Municipale  de 
Physique  ct  de  Chimie  Industrielle  of  Paris,  undertook  to  investi- 
gate the  relative  activity  of  the  various  salts  of  uranium  in  emit- 
ting these  Becquerel  rays,  and,  subsequently,  that  of  the  various 
minerals  containing  this  mctalf     Professor  Becquerel,  as  we  have 

*  1  am  indebted  to  Mr.  Tucker  and  Dr.  Melii^er,  of  [he  Haremejer  Labontor}',  for 
preparing  for  me  [his  double  sa1[  as  also  the  corresponding  salt  of  ammonium. 
t  Sklodowska  Curie   Complcs  AVh./hj,  cxivi.,  i  loi,  April,  1898. 
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seen,  had  already  shown  that  these  rays  were  capable  of  darkening 
the  photographic  plate.  He  soon  afterward  discovered  that,  like 
Roentgen  rays,  they  were  also  capable  of  discharging  electrified 
bodies,  since  they  ionized  and  made  conductive  the  air  which  they 
traversed.  Indeed,  he  had  already  made  use  of  this  more  delicate 
device  for  studying  the  absorption  of  uranium  rays  by  different 
substances.*     Madame  Curie  employed  the  electric  method  in  her 

■ 

Investigations  and  out  of  the  large  number  of  substances  examined 
she  obtained  two  important  results :  First  she  proved  that  the  salts 
of  uranium  are  active  in  exact  proportion  to  the  uranium  which 
they  contain ;  and  second,  that  the  uranium  minerals  are  not  so 
proportional.     Diagrams  of  the  apparatus  used  in  these  measure- 


Fig.  20. 

ments  are  shown  on  the  screen.  For  qualitative  exammations  she 
used  an  electroscope  (Fig.  20)  having  a  strip  of  gold  leaf  i'  which 
when  electrified  through  the  terminal  at  B  is  repelled  by  the  metal 
strip  L  and  diverges.  Two  plates  P  and  P'^  on  the  lower  of  which 
the  material  is  placed  are  connected,  the  upper  plate  with  the  gold 
leaf  and  the  lower  one  with  the  metal  case  enclosing  the  apparatus. 
When  the  air  between  the  plates  becomes  ionized  the  charge  passes 
across  and  the  leaf  falls.  By  noting  the  time  required  for  this  the 
radio-activity  of  the  substance  may  be  approximately  measured. 
The  quantitative  apparatus  is  more  elaborate.  As  you  observe 
(Fig.  21)  it  consists  of  two  metallic  plates,  A  and  B,  the  lower  one 
connected  to  one  terminal  of  a  battery,  P,  of  1 00  volts  (the  other 
being  put  to  earth)  and  the  upper  one  to  the  electrometer  E. 
When  the  finely  pulverized  radio-active  substance  is  placed  on  the 
lower  plate  B  it  ionizes  the  air  above  it  and  renders  it  conductive  ; 

*  Becquerel,  Comptfs  Rendus^  cxxii.,  559,  1896. 
VOL.  XXIV.— ao. 
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so  that,  if  the  upper  plate  A  is  earthed  through  D  and  C,  a  cur- 
rent traverses  the  now  closed  circuit  On  opening  the  switch  at 
C^  the  potential  of  the  electrometer  is  raised  and  the  needle  is  de- 
flected; the  rapidity  of  the  deviation  being  proportional  to  the 
current  and  therefore  serving  to  measure  it.  It  was  found  better, 
however,  to  measure  the  counter  electromotive  force  necessary  to 
maintain  the  needle  at  zero.  As  these  charges  are  feeble,  this  was 
accomplished  by  means  of  a  plate  of  piezoelectric  quartz,  Q^  one 
armature  of  which  is  connected  to  one  of  the  plates  as  shown,  the 
other  to  earth.  When  by  means  of  weights  placed  in  the  scale 
pan  H,  a  known  tension  is  produced  on  the  plate,  it  progressively 
evolves  a  known  potential  difference.  By  regulating  the  weight 
so  that  compensation  exists  between  the  quantity  of  electricity 


E^rth 


Fig.  21. 

traversing  the  condenser  and  that  of  opposite  sign  yielded  by  the 
quartz  the  absolute  value  of  the  quantity  of  electricity  traversing 
the  condenser  during  a  given  time;  L  e,,  the  current  strength,  is 
determined.  The  current,  for  example,  produced  by  metallic  ura- 
nium in  this  apparatus  was  found  to  be  2.3  X  lO""  ampere;  that 
of  sodium  uranate  1.2  X  icr"  ampere  and  that  of  potassium-uranyl 
sulphate  0.7  X  io~*^  ampere ;  while  the  mineral  monazite  gave  a 
current  of  0.5,  chalcolite  a  current  of  5.2,  and  uraninite  of  8.3 
—  lO"""  ampere. 

From  all  this  it  follows  first,  that  in  its  salts  the  uranium  must  be 
the  active  material ;  and  second,  on  the  other  hand  that  it  cannot 
be  the  chief  active  material  in  its  minerals.  For  example,  as  just 
stated,  the  mineral  uraninite  (or  pitch-blende,  as  it  is  frequently 
termed),  was  found  to  be  four  times  as  active  as  metallic  uranium 
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itself.  Hence  it  is  quite  imposiiible  to  believe  that  the  radio-activity 
of  the  uraniniteis  due  to  the  uranium  which  it  contains.  Convinced 
that  in  this  mineral.therefore.therewassome  other  and  far  more  ac- 
tive element,  Mme.  Curie  set  herself  at  work  to  obtain  this  element 
by  the  usual  chemical  methods;  and  in  July,  1898,  she  communicated 
to  the  Academy  of  Sciences  of  Paris  a  paper,  which  was  presented  by 


Prufessor  P.  Curie,  Madame  S.  Coiie  aod  Mile.  Irene  Curie.'* 

Professor  Becquerel,  announcing  the  discovery  of  a  new  radio-active 
substance  in  uraninite  which  resembled  bismuth  f  Supposing  this 
to  be  a  new  element  she  gave  it  the  name  of  polonium ,  from  Poland 
her  native  country.  In  the  following  December  the  Academy 
awarded  her  the  Gegner  prize  of  4,000  francs  for  her  discovery. 

•  We  ore  indebted  for  this  cut  lo  the  courtesy  of  the  New  York  Tributte. 
tMme,  Curie,  Comples  Rmdus,  cixvii.,  175.      KafperU  au  Cangris  InUmalianal 
di  Physiqui,  iii.,  79,  Paris,  1900. 


286  THE    QUARTERLY. 

Continuing  her  investigations,  in  which  she  was  assisted  by  her 
husband,  M.  Pierre  Curie,  who  is  the  professor  of  chemistry,  and 
with  M.  Bemont,  who  is  the  Director  of  the  Ecole  Municipale, 
she  finally  succeeded  in  obtaining  a  second  radio-active  sub- 
stance from  uraninite,  one  hundred  thousand  times  as  active  as 
uranium ;  naturally  it  was  agreed  to  call  this  new  substance  radium. 
The  quantity  of  this  material  in  the  mineral  is  absolutely  infinites- 
imal. To  obtain  it  thousands  of  kilograms  of  the  uranium  resi- 
dues from  Bohemia  were  worked  up  and  yielded  only  a  few  deci- 
grams of  substance.  But  this,  though  still  impure,  was  prodigiously 
active.  It  is  estimated  that  5,000  tons  would  be  necessary  to 
obtain  a  single  pound  of  radium,  and  this  far  from  pure.  Pitch- 
blende is  estimated  to  contain  less  than  iooo^oottv  of  one  per  cent  of 
this  substance ;  less  than  there  is  gold  in  the  waters  of  the  ocean. 
The  discovery  of  radium,  therefore,  could  not  have  been  made 
except  for  the  extraordinary  delicacy  of  the  electric  method.  It 
has  been  shown  by  Rutherford  that  the  quadrant  electrometer  will 
detect  3X  I0~**  gram  of  hydrogen.*  The  most  delicate  balance 
will  indicate  only  one  millionth  of  a  gram.  Whence  it  follows  that 
the  electric  method  is  a  million  million  times  more  delicate  than 
the  balance  method.  By  the  accumulation  of  charge,  therefore, 
the  electrometer  will  detect  in  one  minute  an  amount  of  matter  re- 
quiiing  2,000,000  years  for  its  detection  by  the  balance.  •*  Matter 
may  be  recognized  in  a  few  minutes  by  the  electrometer  which 
would  require  geological  epochs  to  increase  so  as  to  be  detected 
by  the  balance  "  (Rutherford).  But  more  than  this.  The  electric 
method  as  a  means  of  investigation  is  vastly  more  delicate  than  even 
the  method  of  spectrum  analysis.  The  spectroscope,  we  are  told, 
will  detect  by  the  spark  method  one  hundred  millionth  of  a  milli- 
gram of  strontium ;  while  the  electric  method  will  detect  a  quantity 
of  radium  as  small  as  one  five-thousandth  part  of  this  minute 
quantity. 

The  total  amount  of  radium  which  has  thus  far  been  produced  is 
exceedingly  small,  probably  not  a  pound  in  all,  and  even  this  exists 
only  in  various  degrees  of  purity.  The  purest  which  has  thus  far 
been  obtained,  Madame  Curie  tells  us,  is  one  hundred  thousand 
times  as  active  as  uranium.  A  friend  informs  me  that  he  saw  a 
minute  quantity  of  this  pure  material  in  Professor  Curie's  labora- 


*  E.  Rutherford,  Phil.  Mag.,  VI.,  iv.,  370,  Sept.,  1902. 
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lory  in  Paris,  a  few  months  ago,  having  about  the  volume  of  an 
ordinary  buck  shot  and  weighing  three  centigrams,  and  which 
Professor  Curie  said  he  would  not  part  with  for  100,000  francs. 

The  spectrum  of  the  purest  radium  in  the  possession  of  the  Curies 
was  obtained  by  Demar9ay,  and  as  he  observed  in  it  certain  lines 
not  known  to  belong  to  any  other  element,  it  was  concluded  that 
radium  was  a  new  element.  Madame  Curie  has  determined  its 
atomic  mass  at  intervals  as  the  purification  went  on,  the  first  value 
obtained  being  135.  As  radium  in  its  chemical  relations  is  very 
closely  allied  to  barium,  and  as  its  separation  from  barium  is  the 
process  required  to  increase  its  purity,  the  test  of  this  purity,  as 
barium  is  not  ordinarily  radio-active,  is  the  relative  brightness  of 
the  radium  lines  in  the  spectrum  as  compared  with  the  barium  lines. 
As  the  above  atomic  mass,  1 35,  is  very  close  to  that  of  barium,  1 36, 
it  has  been  difficult  to  discriminate  between  them  ;  but  as  the  puri- 
fication proceeded  the  atomic  mass  was  raised,  first  to  174,  and 
subsequently  to  225. 

In  the  same  year,  1898,*  G.  C.  Schmidt  and,  a  month  later, 
Madame  Curie  discovered  that  salts  of  the  element  thorium  also 
possessed  radio-active  properties ;  and  in  1899  Debierne  discovered 
a  third  radio-active  substance  in  uraninite  allied  to  iron,  which  he 
called  actinium.t  The  rays  emitted  by  all  these  radio-active  sub- 
stances, or,  in  other  words,  the  Becquerel  rays,  are  all  similar.  They 
have  penetrating  powers ;  they  effect  the  photographic  plate ;  they 
are  more  or  less  deviable  by  the  magnet ;  they  produce  lumines- 
cence and  they  ionize  gases  and  render  them  conducting.  In  fact 
radium  is  self-luminous  in  the  dark,  apparently  from  the  action  of 
its  own  Becquerel  rays  upon  itself,  acting  as  a  luminescent  body. 
It  is  to  be  noted  that  the  atomic  mass  of  uranium  is  240,  that  of 
thorium  is  232  and  that  of  radium  225  ;  that  of  polonium  and  of 
actinium  not  having  been  determined.  Since  these  are  the  highest 
atomic  masses  known  among  the  element:?,  there  would  seem  to  be 
indicated  some  relation  between  the  radio-activity  of  an  element 
and  its  atomic  mass. 

Thanks  to  the  courtesy  of  several  friends,  I  am  able  to-night  to 
show  you  samples  of  these  new  radio-active  substances.  The  first 
radium  which  I  ever  saw  was  shown  to  me  in  London  by  Professor 

*  Schmidt,  FerA,  Phys.  Ges.  Berlin,  xvii.,  14,  Feb.,  1898 ;  Ann.  Fhys,  Chem,,  Ixv., 
141,  March,  1898.     Curie,  CompUs  Rendus,  czxvi.,  11 01,  April,  1898. 
f  Debierne,  Comptes  Rendusy  cxxix.,  593,  1899;  cxxx.,  906,  1900. 
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Becquerel  in  1899  at  the  Centennial  celebration  of  the  Royal  Institu- 
tion  of  Great  Britain.  These  two  samples,  marked  respectively  A 
and  By  were  subsequently  purchased  from  de  Haen,  of  Hanover,  a 
few  months  later  and  brought  home.  The  A  sample  was  capable 
of  producing  luminescence  of  the  barium  platino-cyanide  screen, 
even  through  a  thin  aluminum  plate;  it  acted  on  the  photo- 
graphic film  and  rendered  the  air  about  it  a  conductor.  In 
addition,  it  had  a  very  intense  self-luminescence,  being  distinctly 
visible  in  the  dark.  The  B  sample  —  though  its  rays  acted  on  the 
barium  platino-cyanide  screen  more  intensely  and  had  more  pene- 
trating power,  its  self-luminescence  was  greatly  less.  Although  both 
these  samples  were  preserved  in  glass-stoppered  bottles,  moisture 
has  gained  access  to  them  and  their  radio-activity  has  diminished 
considerably.  Here  is  a  sample  of  the  subnitrate  of  polonium  and 
three  specimens  of  chloride  of  barium  and  radium,  made  by  the  So- 
ciete  Centrale  de  Produits  Chimiques,  and  imported  from  Paris  by 
the  Smithsonian  Institution.  I  am  indebted  to  Professor  Langley 
for  the  use  of  them.  The  radium  specimens  have  an  activity  240- 
times  that  of  uranium.  And  as  they  are  hermetically  sealed,  they 
are  clearly  visible  in  the  dark,  as  you  see,  although  they  have  been 
in  this  country  three  years  or  more.  By  the  kindness  of  Mr.  W.  J, 
Hammer,  I  can  show  you  three  other  samples  of  the  radio-barium 
chloride,  obtained  by  him  in  Paris  six  months  or  more  ago,  whose 
radio-activity  is  respectively  3(X),  1,000  and  3,000  times  that  of 
uranium;  the  last  two  being  brightly  luminous.  The  price  of 
this  last  material  was  300  francs  a  gram.*  I  have  also  upon  the 
table  samples  of  thorium  oxide,  ammonium-thorium  nitrate,  and 
thorium  oxalate  made  from  the  mineral  monazite  on  the  large 
scale,  as  thoria  is  the  efficient  material  in  the  VVelsbach  mantle. 
For  them  I  am  indebted  to  Dr.  Chandler's  superb  museum. 

In  proof  of  the  photographic  action  of  these  radio-active  bodies,. 
I  here  exhibit  several  radiographic  plates  made  with  them  in  De- 
cember, 1899.  The  first  one,  protected  by  enclosing  it  in  a  black 
inner  and  an  orange  outer  envelope  of  paper,  had  placed  upon  it 
specimens  of  metallic  uranium,  of  uranium  chloride  and  nitrate,  of 
uraninite  and  of  radium  A  and  B.  On  developing  after  eight  hours, 
all  the  substances  had  impressed  the  film ,  as  you  see,  in  the  following 
order:  Radium  A  and  ^,  uraninite,  uranium,  uranium  chloride, 
uranium  nitrate.     The  second  plate,  similarly  protected,  was  ex- 

*  The  Soci^t^  Centrale  furnishes  also  a  product  7cxx)  times  as  active  as  uranium  at 
5cx>  francs  a  gram. 
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posed  in  the  same  way  for  24  hours  except  that  beneath  each 
material  was  placed  a  thin  sheet  of  metal  in  order  to  show  the  dif- 
ferent penetrating  power  of  the  rays.  The  third  plate  used  urani- 
nite  as  the  active  material,  the  metallic  films,  all  about  .0025"  in 
thickness,  being  platinum,  lead,  silver,  copper,  tin  and  aluminum. 
On  exposing  for  16  hours,  the  films  were  found  to  be  opaque  in  the 
order  given.  To  test  the  activity  of  the  radium,  three  successive 
exposures  were  made  on  different  parts  of  the  same  plate,  one  of 
15  minutes,  one  of  an  hour  and  one  of  three  hours.  The  darken- 
ing of  the  film  is  seen  to  be  proportional  to  the  time  of  exposure. 
Similar  experiments  were  made  with  thorium.     In  this  plate  is 


Fic.  23.     Radium  pholograph. 

seen  the  effect  of  monazite  and  thorite  as  compared  with  thorium 
oxide  and  nitrate.  The  activity  is  proportional  to  the  content  of 
the  substance  in  thorium. 

That  radium  emits  both  visible  and  invisible  rays  can  be  easily 
shown  by  their  photographic  effect.  Here  \s  a  pholograph  of  ^^avil- 
boat  taken  by  Dr.  H.  C.  Bolton  of  Washington  by  the  visible  or 
light  rays  from  radium,  the  plate  being  exposed  under  a  negative 
in  the  ordinary  way,  for  two  hours  at  2J^  inches  distance.  This 
other  picture  is  a  radiograpk  of  a  mouse  taken  in  the  dark  by  Mr, 
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W.  J.  Hammer,  of  this  city,  by  exposing  the  piate  with  the  mouse 
upon  it,  to  the  invisible  Becquerel  rays  for  twenty- four  hours. 

It  would  be  interesting  to  show  you  the  ionizing  effect  of  these 
radio-active  bodies.  But  as  you  see,  the  electroscope  will  not  take 
a  charge',  the  air  all  about  it  having  been  rendered  conducting,  first 
by  the  Roentgen  rays  shown  a  while  ago,  and  now  by  the  Bec- 
querel rays  from  the  radio-active  substances  upon  the  table.  Bec- 
querel showed  some  time  ago  that  metallic  uranium  could  be  made 
to  hold  an  electric  charge  only  in  a  vacuum. 

Smce  the  discovery  of  these  remarkable  rays,  emitted  spon- 
taneously and  apparently  without  any  supply  of  external  energy, 
the  question  becomes  of  very  greatimportance,  what  is  the  nature 
of  these  Becquerel  rays,  as  compared  with  the  rays  of  Roentgen 
and  of  Crookes  ?     This  question  has  occupied  the  attention  of  some 


Fig.  24.     Radium  radiograph. 

of  the  ablest  physicists  of  all  countries.  In  1899,  Giesel  showed 
that  the  rays  of  the  radio-active  substances  contain  a  portion  deviable 
by  the  magnet.  And  soon  afterwards  Becquerel  and  the  Curies 
proved  the  Becquerel  rays  to  be  heterogeneous,  one  part  being  devi- 
able and  the  other  non-deviable.  In  the  picture  now  on  the  screen, 
(Fig.  25)  representing  radium  rays  passing  through  a  slit  into  a 
magnetic  field  you  notice  that  while  one  portion  continues  straight 
on,  the  other  portion  is  deviated  to  the  right  and  diffused.  The 
latest  conclusion  on  the  subject  has  been  given  us  by  Professor 
Rutherford,  of  Montreal,  during  the  present  year.  He  classifies 
the  Becquerel  rays  emitted  by  radium,*  already  proved  to  be 
composite,  as  of    three  kinds;   first,  alpha  rays,  which  are  very 


*E.  Rutherford,  Phil.  Mag,^  VI.,  v.,  177,  February,  1903. 
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feebly  penetrating  and  which  therefore  are  easily  absorbed  by  thin 
layers  of  matter ;  they  constitute  by  far  the  greater  portion  of  all 
radio-active  rays  ;  second,  beta  rays,  which  are  negatively  charged 
particles  moving  with  a  high  velocity  and  which  are  in  all  respects 
like  ordinary  Crookes  rays;  and,  third,  gamma  rays,  which  are 
not  deviated  by  a  magnetic  field,  and  yet,  which  are  of  a  highly 
penetrating  character.  While,  for  example,  the  alpha  rays  will 
not  penetrate  an  aluminum  plate  more  than  y^^j  of  a  centi- 
meter thick,  the  beta  rays  will  penetrate  such  a  plate  yj^  of  a 
centimeter  and  the  gamma  rays  a  plate  8  centimeters  thick ; 
these  thicknesses  being  required  in  each  case  to  reduce  the  rays 
to  one  half  their  original  intensity.     The  rays  from  polonium  ap- 


Flc.  15.     Becquerel  rrys  composite. 

pear  to  consist  entirely  of  alpha  rays  ;  those  from  uranium  to  con- 
sist entirely  of  beta  rays,  and  those  from  radium  and  thorium  to 
consist  of  all  three. 

Since  the  rays  emitted  by  radio-active  substances  consist  in  part 
at  least  of  material  corpuscles  having  a  high  velocity,  it  is  evident 
that  there  must  be  a  loss  of  matter  going  on  continuously.  Madame 
Curie  estimates  that  radium  emits  from  each  square  centimeter  of 
surface  l  .2  milligrams  of  matter  in  1 ,000,000,000  years ;  so  that  at 
this  rate  it  would  be  impossible  to  observe  directly  any  loss  in 
mass  by  the  most  delicate  balances  at  present  available  during 
2,000,000  years;  (.^.,duringa  geologic  epoch,  as  Professor  Ruther- 
ford puts  it. 

The  energy  of  these  corpuscles  is  so  ehormous  that  although 
exceedingly  minute  the  energy  eficct  is  considerable.  It  is  esti- 
mated that  the  energy  emitted  from  each  square  centimeter  of 
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radium  would  melt  a  layer  ot  ice  of  the  same  area  and  a  quarter  of 
a  mile  thick  in  a  million  years;  and  as  Lord  Kelvin  has  pointed 
out,  this  emission  of  matter  and  the  corresponding  loss  of  energy 
has  apparently  been  going  on  indefinitely  in  the  past  and  will  con- 
tinue to  go  on  indefinitely  in  the  future.  It  is  extremely  difficult 
to  understand  how  such  emission  of  energy  without  any  conceiv- 
able source  of  supply  does  not  conflict  with  the  great  and  funda- 
mental law  of  the  conservation  of  energy.  It  Is  still  more  remark- 
able that  in  the  case  of  these  radio-active  substances  the  speed 
with  which  the  corpuscles  move  is  very  much  greater  than  it  is 
even  in  the  case  of  the  Crookes  rays.  Becquerel  has  shown  that 
the  speed  of  radium  rays  is  as  high  as  120,000  miles  a  second, 
which  is  two  thirds  of  the  speed  of  light ;  and  certain  other  inves- 


Fiu.  26.     Professor  E,  Rulherford. 

tigators  especially  Kaufmann  have  obtained  even  a  higher  velocity, 
2.8  X  10'*  centimeters  per  second  having  been  measured. 

A  most  important  fact,  however,  which  has  been  recently  dis- 
covered by  Rutherford,  is  the  fact  of  the  deviability  of  the  alpha 
rays  of  radio-active  substances.  He  has  shown  that  the  deviation 
of  these  rays  has  not  been  observed  because  of  the  fact  that  the 
magnetic  field  was  not  sufficiently  powerful.  Using  a  field  of  8,400 
C.G.S.  units  and  a  radium  specially  furnished  by  Professor  Curie 
which  had  an  activity  19,000  times  that  of  uranium,  he  has  suc- 
ceeded in  deviating  the  alpha  rays  completely.  Moreover,  from  this 
deviation  he  has  also  succeeded  in  determining  the  speed  of  the  par- 
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tides  and  in  ascertaining  their  mass.  He  finds,  their  speed  to  be 
2.5  X  lo*  centimeters  per  second,  andjthe  ratio  of  their  mass  to 
their  charge  m/e  to  be  1.6  x  io~*.  Hence  it  will  be  observed  that 
the  velocity  is  lower  and  the  mass  greater  than  that  of  the  Crookes 
corpuscles.  Moreover,  the  deviation  which  he  has  observed  is 
in  the  opposite  direction  to  that  of  the  Crookes'  rays.  If  the 
deviation  in  the  one  direction  indicates  that  the  particles  are 
charged  negatively,  the  deviation  in  the  other  direction,  corre- 
spondingly indicates  that  the  particles  are  charged  positively.  It 
would  seem,  therefore,  that  while  the  Crookes  rays  consist  of  par- 
ticles of  the  order  of  a  thousandth  of  the  mass  of  a  hydrogen  atom 
charged  negatively,  the  a  Becquerel  rays  consist  of  particles  of  a 
mass  of  the  order  of  the  hydrogen  atoms  themselves,  charged  posi- 
tively. In  other  words,  the  negative  corpuscles  being  driven  out 
from  the  atom  the  rest  of  the  atom  is  left  positively  electrified,  and 
being  of  much  larger  mass,  is  driven  out  under  the  same  conditions 
with  a  less  velocity.  Hence  therefore  these  rays  require  a  much 
stronger  magnetic  field  to  aflfect  their  deviation.  The  carriers  of 
negative  electrification,  consequently,  are  excessively  minute  and 
their  mass  is  invariable;  the  carriers  of  positive  electrification  are 
comparatively  large  and  their  mass  is  variable. 

The  chemical  action  of  Becquerel  rays  was  early  observed  by 
Becquerel  and  the  Curies.*  They  noticed  that  these  rays  ozonized 
oxygen,  that  silver  salts  and  the  higher  oxide  of  iron  were  reduced 
when  exposed  to  them ;  that  the  color  of  glass  and  of  porcelain 
was  changed  to  purplish,  owing  to  oxidation,  and  rock  salt  was 
turned  blue  under  their  influence.  Their  photographic  eflfect  also 
supports  this  hypothesis. 

One  of  the  most  remarkable  effects  observed  with  Becquerel 
rays  has  been  the  physiological  one.  Geisel  observed  that  the 
radiation  produced  inflammation.  Becquerel  carried  a  sealed  tube 
which  contained  a  few  decigrams  of  very  active  material  in  his 
pocket  for  six  hours.  Ten  days  afterwards  a  red  spot  appeared 
opposite  the  pocket  and  twenty  days  later  it  suppurated.  After 
forty-nine  days  the  ulcer  closed  leaving  a  distinct  scar.  The  same 
tube  enclosed  in  lead  gave  no  eflfect  in  forty  hours.  Professor 
Curie  used  a  radium  5,000  times  as  active  as  uranium,  wrapping  it 
in  thin  rubber  and  placing  it  on  his  arm.     After  a  few  hours  the 


*  Compter  Rendua,  cxxxiii.,  709,  1901  ;  cxxxii.,  1289;  cxxix.,  823,  1899. 
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skin  was  reddened,  resembling  a  burn  ;  on  the  twentieth  day  a 
sore  was  developed  which  required  a  surgical  dressing  and  only  on 
the  forty-second  day  did  it  begin  to  heal.  It  was  still  sore  on 
the  fifty-second  day  after  the  experiment.  In  consequence  of 
these  results,  Professor  Curie  said  he  would  not  like  to  trust  him- 
self in  a  room  with  one  kilogram  of  pure  radium,  as  it  would  no 
doubt  destroy  his  sight,  burn  all  the  skin  off  his  body  and  prob- 
ably kill  him.  He  showed  the  scars  upon  his  arms,  the  result  of 
the  above  ulcer  which  had  taken  fifty- two  days  to  heal,  and  an- 
other scar  where  the  skin  had  been  blistered,  caused  by  five  min- 
utes* exposure  to  radium  of  high  activity. 

Within  the  present  month,  MM.  Curie  and  Laborde  have  an- 
nounced *  that  radium  compounds  have  the  remarkable  property 
of  emitting  heat  spontaneously.  Their  investigations  show  that  a 
gram  of  ordinary  radiferous  barium  chloride  evolves  about  14  ca- 
lories per  hour.  Experiments  on  a  purer  material  lead  them  to  the 
conclusion  that  one  gram  of  pure  radium  would  evolve  100  calories 
per  hour.  In  other  words  a  gram-atom  (225  grams)  of  radium 
would  evolve  in  an  hour  22,500  calories ;  a  quantity  comparable 
with  that  produced  by  one  gram-atom  of  hydrogen  burning  in 
oxygen.  Such  a  continuous  evolution  of  heat  cannot  be  explained 
by  an  ordinary  chemical  transformation.  If  its  origin  lies  in  inter- 
nal changes  it  must  arise  from  a  modification  of  the  atom  itself. 

The  noteworthy  fact  has  been  developed  by  various  investigators 
t^at  this  radio-activity  is  a  property  capable  of  being  communi- 
cated from  radio-active  substances  to  other  bodies.f  Madame 
Curie  finds  that  any  substance  placed  in  the  neighborhood  of 
radium  acquires  radio-activity  which  it  retains  for  many  hours. 
The  metals  zinc,  iron  and  lead,  the  fittings  and  the  air  of  the  labo- 
ratory, the  clothing  of  the  workers  in  it  and  the  bodies  of  the 
workers  themselves,  all  become  radio-active.  For  days  Professor 
Curie  was  unable  to  enter  his  laboratory  or  to  approach  his  elec- 
trometer, owing  to  the  fact  that  exposure  to  radio-active  substances 
had  made  his  clothing  and  his  person  so  radio-active  as  to  affect 
the  instruments. 

A  still  more  remarkable  fact  is  that  discovered  by  Rutherford  in 
1900,  that  thorium  gives  off  what  he  calls  an  emanation,  this  eman- 


*  Comptes  Renduiy  cxxxvi.,  673.     J.  J.  Thomson,  Nature^  Ixvii,,  601,  1903. 
f  Curie  &  Debierne,  ConipUs  Rendus^  cxxxiii.,  133,  1901. 
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ation  being  of  the  nature  of  a  gas  and  very  highly  radio-active.*  It 
diffuses  through  gases  and  liquids  and  even  porous  substances. 
Pasised  over  ignited  platinum  black,  lead  chromate,  etc.,  it  comes 
out  unchanged.  It  cannot  enter  into  combination  with  any  known 
substances.  It  is  a  chemically  inert  gas  like  argon,  helium,  neon, 
krypton  and  xenon,  and  hence  appears  to  be  a  new  member  of  the 
argon  family  with  an  atomic  mass  between  forty  and  one  hundred. 
The  emanation  from  thorium  liquefies  at  —  1 20^  and  that  from 
radium  at  —  150°. 

This  emanation  he  considers  to  be  the  result  of  successive  chem- 
ical changes  in  the  thorium.  The  thorium  atom  produces  a  sub- 
stance, thorium  X,  by  a  chemical  change  therein  ;  by  a  further  and 
also  apparently  a  chemical  change,  this  thorium  X  produces  the 
emanation.  This  emanation  then  expels  from  itself  a  negatively 
charged  body  constituting  the  Becquerel  rays,  and  finally  the 
residue  positively  charged  goes  to  the  electrodes  and  undergoes 
further  chemical  changes,  giving  rise  to  an  excited  radio-activity. 

Moreover  he  has  shown  that  only  those  radio-active  substances 
which  emit  emanations  can  excite  radio-activity.  Radium  and 
thorium  therefore  possess  this  power  while  uranium  and  potassium 
do  not. 

Another  important  fact  is  the  fact  that  Elster  &  Geitel  have 
shown,  that  substances  may  be  made  radio-active  by  hanging  them 
up  in  the  air  and  charging  them  strongly  with  negative  electricity. 
They  have  taken  radiographs  with  the  scrapings  of  a  copper  ro<J 
thus  treated.  The  earth,  as  we  know,  is  negatively  electrified  and 
this  on  pointed  conductors  makes  them  radio-active.  The  termi- 
nals of  lightning  rods  and  the  leaves  and  spines  upon  trees  are 
radio-active,  as  Thomson  has  pointed  out.  Wilson  has  shown  that 
freshly  fallen  rain  and  snow  are  radio-active.  Hence,  it  would  seem 
that  radio-activity  is  a  universal  phenomenon  possessed  by  all 
bodies  upon  the  earth's  surface  in  greater  or  less  degree. 

In  closing  this  address,  I  am  sure  you  will  permit  me  to  express 
my  thanks  for  your  kind  and  courteous  attention  ;  and  further  that 
you  will  join  me  in  expressing  to  Dr.  L.  H.  Laudy  the  great  obli- 
gations we  are  under  for  his  efficient  aid  in  presenting  so  success- 
fully the  experimental  illustrations. 


*  Rutherford,  PAt/.  Mag.y  V.,  xlix.,  1, 1900.    Ib.^  VI.,  v.,  561, 1903.     Chem.  News., 
Ixxxv.,  55,  1902. 
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THE    GEOLOGY    OF    THE    CERRILLOS    HILLS,   NEW 

MEXICO. 

By  DOUGLAS  WILSON  JOHNSON. 

Part  I.     GENERAL  GEOLOGY. 

Preface. 

The  preparation  of  this  paper  was  first  begun  when  tHe  writer 
was  an  assistant  on  the  University  Geological  Survey  of  New 
Mexico,  with  the  intention  that  it  should  appear  as  a  recon- 
noissance  report  in  the  bulletins  of  the  Hadley  Scientific  Labora- 
tories. The  work  was  prompted  and  supervised  by  Dr.  C.  L. 
Herrick,  then  President  of  the  Territorial  University  at  Albu- 
querque,  and  Director  of  the  Survey.  It  was  found,  however,  in 
the  course  of  the  brief  preliminary  investigations  then  possible,  that 
the  field  in  question  presented  points  worthy  of  more  detailed 
study  than  could  be  given  it  at  that  time  and  permission  was 
granted  to  withhold  the  publication  of  the  paper  until  more  satis, 
factory  results  could  be  obtained.  The  work  done  at  that  time 
represented  a  few  brief  excursions  to  the  region  during  the  spring 
and  summer  of  1899  ^ind  1900,  a  portion  of  the  chemical  work 
herein  recorded,  and  some  preliminary  petrographic  examinations. 

In  the  summer  of  1902  I  again  took  the  field,  spending  two 
months  in  making  a  detailed  study  of  the  Cerrillos  region.  Maps 
were  prepared,  the  areal  geology  worked  out  with  considerable 
accuracy,  and  the  local  conditions  affecting  the  deposits  of  tur- 
quoise, metalliferous  veins,  and  coal  seams  investigated.  Practi- 
cally all  of  the  palaeontological  and  petrographlcal  work  was  per- 
formed on  my  return  to  the  laboratories  of  the  Department  of 
Geology  of  Columbia  University. 

The  area  under  discussion  includes  portions  of  the  San  Pedro 
and  Santa  Clara  quadrangles  of  the  United  States  Geological  Sur- 
vey, the  topography  being  represented  by  contour  lines  with  in- 
tervals of  50  and  100  feet.  It  was  intended  to  use  the  required 
portion  of  these  quadrangles  as  a  basis  for  the  work  undertaken, 
but  it  soon  became  apparent  that  so  far  as  this  locality  was  con- 
cerned, the  maps  were  not  accurate.  As  all  readings  used  in 
working  out  the  areal    geology  would  have  to  be  made  on  the 
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monuments  which  are  found  on  the  summits  of  the  various  peaks 
of  the  Cerrillos  Hills,  or  on  other  monuments  to  be  established, 
it  was  deemed  advisable  to  supplement  and  correct  the  topograph- 
ical sheets  in  that  vicinity  by  further  triangulation.  A  base-line 
was  accordingly  established  on  the  plains  northeast  of  the  hills, 
permitting  readings  whose  angles  were  sufficiently  large  to  in- 
sure accurate  results.  On  the  basis  of  this  triangulation  the  prepa- 
ration of  a  more  detailed  map  was  possible. 

In  this  connection  I  was  fortunate  in  securing  plots  of  several 
detailed  surveys,  the  most  important  being  that  of  the  coal  proper- 
ties of  the  Colorado  Fuel  and  Iron  Company,  which  covered  the 
whole  southwestern  portion  of  the  area  mapped  for  this  report,  and 
a  map  of  Los  Cerrillos  Mines  covering  the  central  and  northern 
portion  of  this  area.  Upon  these  surveys,  checked  by  the  recent 
triangulation,  I  have  relied  for  the  details  of  roads,  arroyos,  etc. 

It  was  also  found  that  the  contour  lines  did  not  represent  the 
actual  physiographic  features  with  accuracy,  but  the  time  available 
would  not  admit  of  their  extended  revision.  Accordingly,  the 
contours  of  the  survey  have  been  adopted,  with  only  such  changes 
as  seemed  necessary  to  express  the  true  conditions  as  nearly  as 
practicable.  It  is  only  fair  to  state  that  the  comparatively  early 
date  of  the  topographic  work  in  this  locality,  and  the  rather  limited 
size  of  the  area  under  discussion,  in  part  account  for  the  inaccura- 
cies existing. 

While  some  difficulties  were  thus  encountered  at  the  outset,  these 
were  overcome  and  the  work  materially  assisted  in  various  ways 
through  the  hearty  interest  and  cooperation  of  all  to  whom  I  ap- 
pealed. The  Territorial  University  provided  the  necessary  survey- 
ing instruments;  the  office  of  the  coal  mines  at  Madrid  furnished 
valuable  maps;  the  Cerrillos  Smelter  officials  permitted  the  use  of 
some  of  their  material ;  and  many  others  rendered  valuable  aid. 

It  is  impracticable  for  me  to  acknowledge  in  detail  the  many 
sources  upon  which  I  have  drawn  in  the  preparation  of  this  paper, 
or  to  thank  personally  the  many  friends  who  have  aided  me  in  the 
work.  On  every  hand  I  have  met  with  only  courtesy  and  gener- 
ous assistance.  To  the  Colorado  Fuel  and  Iron  Company  and  the 
American  Turquoise  Company  of  New  York,  I  am  indebted  for 
numerous  courtesies  extended,  especially  for  the  freedom  of  their 
mines  in  the  Cerrillos  district.  Their  local  superintendents,  Mr. 
Gus  J.  Johnson  and  Mr.  J.  P.  McNulty,  gave  me  every  possible 
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assistance.  Several  of  the  engravings  of  views  about  Madrid  and 
Waldo  here  reproduced  are  used  through  the  courtesy  of  Camp 
and  Plant,  a  publication  of  the  Colorado  Fuel  and  Iron  Company. 
Especial  acknowledgments  are  also  due  Dr.  C.  L.  Herrick  for  valu- 
able assistance  during  the  earlier  part  of  the  field  and  laboratory 
work.  Dr.  W.  G.  Tight,  president  of  the  University  of  New 
Mexico,  went  over  a  portion  of  the  field  with  me,  and  offered  valu- 
able suggestions  regarding  the  physiographic  problems  involved. 

To  Mr.  Frank  Hall  Knowlton  and  Mr.  Timothy  W.  Stanton,  of 
the  United  States  Geological  Survey,  my  thanks  are  due  for 
courtesies  in  connection  with  the  palaeontological  part  of  the  work. 
Mr.  George  Steiger  made  the  chemical  analysis  of  the  andesite, 
for  which  I  am  indebted  to  the  Geological  Survey.  Professor  N. 
H.  Winchell,  of  Minneapolis,  Professor  J.  J.  Stevenson  and  Pro- 
fessor Arthur  Hollick,  of  New  York,  Mr.  George  F.  Kunz,  of  New 
York,  and  Mr.  Ed.  F.  Bennett  and  others  of  Cerrillos  have  ex- 
tended many  courtesies.  My  companions  in  the  field,  Mr.  E. 
Dana  Johnson  and  Dr.  O.  S.  Strong,  rendered  generous  and  valu- 
able aid. 

Throughout  the  laboratory  and  office  work  which  this  report 
entailed,  I  have  profited  continually  by  the  advice  and  suggestions 
of  Professor  Amadeus  W.  Grabau,  especially  in  connection  with 
the  palaeontological  and  stratigraphical  work.  It  is  also  my  privi- 
lege to  acknowledge  especial  obligations  to  Professor  James  Fur- 
man  Kemp,  through  whose  hearty  cooperation  the  preparation  of 
this  paper  was  made  possible.  Professor  Kemp  spent  a  week 
with  me  in  reviewing  the  work  in  the  field,  and  throughout  the 
office  work  has  been  of  constant  assistance.  To  the  cordial  inter- 
est and  kindly  criticisms  of  Professor  Grabau  and  Professor  Kemp 
this  paper  owes  much  of  whatever  it  may  contain  of  value. 

INTRODUCTION. 
Thesis. 

The  Cerrillos  district,  as  shown  on  the  geological  map  and  un- 
derstood in  this  report,  comprises  a  rectangle  eighty  square  miles 
in  area,  and  includes  the  low  group  of  hills  generally  known  as 
•'  Los  Cerrillos,"  the  towns  of  Cerrillos,  Madrid  and  Waldo,  and 
the  coal  fields  south  of  the  hills.  The  area  is  eight  miles  in  width 
by  ten  in  length,  the  northern  boundary  passing  through  the  cen- 
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ter  of  a  conical  basalt  hill  known  as  Mount  Calvary,  and  the 
western  through  the  point  of  intersection  of  the  Galisteo  Creek 
with  the  western  base  of  a  low  ridge  four  miles  west  of  the  town 
of  Cerrillos,  here  called  the  Galisteo  monocline. 

The  present  paper  aims  to  give  a  fairly  complete  account  of  the 
geology  of  this  district.  After  a  brief  discussion  of  the  general 
features,  and  a  synopsis  of  the  work  of  previous  explorers,  the 
general  geology  of  the  region  is  considered.  Under  this  head  is 
presented  a  detailed  discussion  of  the  stratigraphy,  followed  by  an 
account  of  the  areal  geology  and  physiographic  history  of  the  dis- 
trict, and  considerations  of  economic  importance.  A  second 
part  *  is  devoted  to  the  detailed  description  of  the  palaeontology 
of  the  district,  and  a  third  to  the  petrography. 

Among  others,  the  following  propositions  are  supported : 

{a)  The  Cerrillos  Hills  represent  laccoliths  of  andesite  intruded 
in  Cretaceous  strata  after  the  close  of  the  Cretaceous  period. 

[b)  The  well-known  Santa  Fe  Marls,  of  Hayden,  are  of  alluvial 
origin,  and  represent  the  time  from  the  early  Loup  Fork  Tertiary 
to  the  Recent  period. 

{c)  The  Galisteo  Group  of  Hayden  consists  of  red  beds  of  late 
Cretaceous,  probably  Laramie  age. 

{d)  The  coal  series,  or  Madrid  Group,  is  of  Fox  Hills  age. 

{e)  The  anthracite  and  bituminous  coal  of  the  above  group  have 
been  produced  from  lignite  by  the  metamorphic  action  of  intruded 
sheets  of  the  andesite. 

(/)  Fort  Pierre,  Fort  Benton,  and  probably  Dakota  and  Jura- 
Triassic  beds,  are  also  present  in  the  district. 

{g)  The  turquoise  occurs  in  altered  portions  of  the  andesite, 
and  was  formed  by  heated  solutions  or  vapor  rising  along  lines  of 
fracture  in  the  rock. 

(//)  The  basalt  flows  are  of  late  Tertiary  or  more  recent  age. 

General  Features. 

In  order  that  future  references  may  be  appreciated  the  following 
general  relations  are  here  set  forth. 

Southwest  of  Santa  Fe  some  twenty-five  miles  is  a  group  of 
mountains  known  as  the  Gold,  Placer  or  Ortiz  Mountains.  It  is 
the  largest  and  most  prominent  of  several  similar  groups.     Just 

*  Part  II.,  Pala'ontology,  appeared  in  the  January  number  of  The  Quarterly. 
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south  is  the  group  known  as  the  Tuerto  or  San  Pedro  Mountains, 
while  still  further  southward  is  the  uplift  of  South  Mountain.  To 
the  north  is  the  smallest  of  this  series,  a  group  of  low  conical 
peaks  known  as  the  Cerrillos  Hills. 

Between  the  Cerrillos  Hills  and  the  Ortiz  Mountains  to  the 
south,  the  Galisteo  Creek  flows  westward  to  join  the  Rio  Grande. 
Throughout  the  greater  part  of  the  year  this  creek  is  a  small  and 
insignificant  stream,  whose  waters  may  become  almost  stagnant 
and  distinctly  saline.  In  times  of  heavy  rains,  however,  the  stream 
often  rises  to  the  magnitude  of  a  torrential  river  within  a  few 
hours,  washing  out  railroad  bridges  and  otherwise  effecting  much 
damage.  Numerous  arroyos  empty  into  Galisteo  Creek,  the  most 
important  being  Coal  Gulch  and  Ortiz  Arroyo  from  the  south, 
and  Achavica,  Mina  del  Tiro  and  San  Marcos  Arroyos  from  the 
north.  The  creek  crosses  the  Cerrillos  quadrangle  a  little  south  of 
the  center,  extending  from  southeast  to  northwest.  A  small  stream 
known  as  Alamo,  Los  Cerrillos  or  Bonanza  Creek,  a  branch  of 
Santa  F^  Creek,  flows  westward  and  touches  the  quadrangle  at  the 
north. 

Following  the  north  bank  of  Galisteo  Creek  is  the  main  line  of 
the  Atchison,  Topeka  and  Santa  F6  Railroad.  Of  the  three  towns 
within  the  district,  two  —  Los  Cerrillos  (or  simply  Cerrillos)  and 
Waldo — are  situated  on  the  railroad.  The  mining  town  of  Mad- 
rid is  about  two  miles  south  of  Cerrillos,  and  is  connected  by  a 
branch  railroad  with  the  main  line  at  Waldo.  On  the  northern 
boundary  of  the  quadrangle  is  the  little  Mexican  village  of  Bo- 
nanza, on  Bonanza  Creek,  while  ruins  of  small  mining  settlements 
are  to  be  found  near  here,  and  also  at  Carbonateville  east  of  Mount 
McKensie,  and  at  Rogers,  south  of  Waldo.  In  earlier  days  con- 
siderable coal  was  mined  at  Rogers,  and  a  branch  railroad  con- 
nected the  town  with  the  main  line  at  Waldo.  The  water  supply 
for  the  three  larger  towns  is  secured  from  a  reservoir  built  in  San 
Marcos  Arroyo,  about  two  miles  and  a  half  northeast  of  Cerrillos, 
to  catch  the  water  flowing  underground  in  the  arroyo  at  this  point. 

The  Cerrillos  Hills  (Plate  A)  consist  of  six  low,  conical  peaks, 
rising  rather  abruptly  from  the  surrounding  level.  Several  of 
these  peaks  have  a  low  saddle  at  the  apex,  thus  giving  them  double 
summits.  This  is  the  case  with  the  hills  known  as  Grand  Central 
Mountain,  Achavica  Mountain,  and  Santa  Rosita  Mountain.  The 
remaining  hills.  Mount  McKensie,  Santa  Rosa  Mountain  and  Lueras 
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Hill  are  somewhat  more  elongated  than  their  neighbors.*  Just 
east  of  Grand  Central  Mountain  is  a  low  hill  known  as  Mount 
Chalchihuitl  (Plate  M).  Here  are  located  the  famous  mines  for 
turquoise,  the  "  chalchihuitl "  of  the  ancient  Mexicans. 

The  above  make  up  the  group  of  the  Cerrillos  Hills  proper,  but 
included  in  the  district  are  several  minor  hills.  The  most  striking 
of  these  is  Mount  Calvary  (Plate  I),  a  couple  of  miles  due  north  of 
the  main  group.  It  is  a  conical  hill  of  basalt,  very  symmetrical,  and 
of  striking  appearance.  Just  east  of  it  is  the  irregular  uplift  known 
as  Bonanza  Hill.  Northwest  of  the  main  hills  is  a  low  volcanic 
crater  (Plate  H),  from  which  a  sheet  of  basalt  has  flowed  out  over 
the  surrounding  plain ;  while  to  the  northeast  are  three  small  hills 
which  appear  more  prominent  because  of  their  isolated  positions. 
The  most  important  of  these  is  popularly  called  Turquoise  Hill, 
(Plate  O)  as  the  mines  of  the  American  Turquoise  Company  of  New 
York  are  located  there.  One  mile  to  the  southeast  is  a  low  conical 
hill  called  Middle  Hill,  on  account  of  its  position  between  Tur- 
quoise Hill  and  the  third  member  of  this  trio,  still  farther  south- 
east, which  is  called  Rocky  Butte  (Plate  L).  Northeast  of  these 
hills  the  unbroken  plains  slope  gradually  up  to  the  base  of  the 
Santa  Fe  Mountains,  one  of  the  loftiest  ranges  in  the  territory, 
while  south  of  the  Galisteo  a  smaller  plain  slopes  upward  to  the 
base  of  the  Ortiz  group.  To  the  southwest  is  the  great  mono- 
clinal  uplift  of  the  Sandia  Mountains. 

The  Galisteo  Creek  and  its  tributary  arroyos  have  dissected  the 
general  plain  level  to  such  an  extent  in  the  central  and  southern 
part  of  the  Cerrillos  district,  that  the  country  appears  quite  rough 
and  broken.  But  one  of  the  most  striking  features  of  the  region 
is  formed  by  the  remnants  of  the  old  plain.  Even  as  one  stands 
in  the  valley  of  the  Galisteo  one  is  impressed  with  the  uniform 
level  of  the  hills  which  form  the  sides  of  the  valley,  especially  to 
the  south.  When  the  observer  ascends  to  the  top  of  one  of  these 
low  hills,  he  is  surprised  to  find  himself  looking  out  over  a  dis- 
sected plain,  which  slopes  gradually  upward  to  the  neighboring 
mountains.  Near  Madrid  this  plain  is  interrupted  by  a  series  of 
monoclinal  uplifts  which  project  above  the  general  level.     It  is 


*  The  above,  and  other  names,  as  well  as  the  spelling,  are  based  on  old  and  recent 
maps,  the  statements  of  local  residents,  and  other  sources.  In  almost  every  instance 
such  evidence  was  conflicting.  I  have  endeavered  to  employ  the  names  and  spelling 
which  seemed  to  be  most  in  use  at  present. 
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■evident  that  the  Galisteo  and  its  tributaries  have  cut  their  valleys 
into  the  gently  sloping  plain  formed  by  confluent  alluvial  fans 
from  the  surrounding  mountains.  In  some  cases  portions  of  this 
plain  have  been  completely  cut  off  from  the  main  mass,  and  stand 
as  isolated  mesas  out  in  broad  valleys,  closely  resembling  the 
phenomena  observed  in  a  dissected  peneplain.  In  fact,  as  we 
shall  see,  the  conditions  here  are  those  of  an  alluvial  plain  formed 
upon  an  erosion  plain,  and  both  subsequently  dissected  by  erosion. 
The  result  of  the  above  processes  is  well  shown  in  Plate  C,  re- 
produced from  a  photograph  of  the  sides  of  the  Galisteo  valley 
just  south  of  the  Hills. 

Cerrillos(PlatesC  and  K)is  the  main  railroad  center  for  the  district, 
and  is  the  largest  town.  A  modern  smelter  has  recently  been  built 
to  treat  the  lead,  silver,  gold  and  copper  ores  from  the  small  mines 
in  the  Cerrillos  Hills,  as  well  as  ores  shipped  in  from  more  distant 
points.  Madrid  (Plate  D)  is  the  southern  terminus  of  the  Cerrillos 
Coal  Railroad,  a  small  branch  which  connects  with  the  main  line  of 
the  Atchison,  Topeka  and  Santa  F€  Railroad,  three  miles  north. 
It  is  a  small  mining  town  of  about  1,000  inhabitants,  and  is  the 
center  of  the  coal  industry  of  the  district.  The  offices,  works  and 
coal  mines  of  the  Colorado  Fuel  and  Iron  Company  are  located 
here.  The  coke  ovens  are  located  at  Waldo  (Plate  D),  a  small  vil- 
lage about  three  miles  north  of  Madrid,  at  the  junction  of  the  Cer- 
rillos Coal  Railroad  with  the  Santa  F6  main  line.  In  the  fifty 
bee-hive  coke  ovens  a  part  of  the  product  of  the  coal  mines  at 
Madrid  is  reduced  to  coke.  The  office  of  the  local  superintendent 
of  the  turquoise  properties  is  located  at  the  mines  at  Turquoise 
Hill,  the  old  mines  at  Mt.  Chalchihuitl  being  no  longer  worked. 

Earlier  Reports. 

The  Cerrillos  district  has  long  claimed  the  attention  of  geologists 
and  other  explorers,  and  plays  a  not  unimportant  part  in  the  geo- 
logical literature  of  this  region.  The  placer  gold  mines  of  the  Ortiz 
Mountains  were  the  most  important  factor  in  calling  attention  to 
this  immediate  locality,  while  the  anthracite  coal  of  the  Madrid 
field  has  become  prominent  in  later  years.  The  silver,  gold, 
lead  and  zinc  mines  of  the  Cerrillos  Hills  have  been  of  interest, 
while  the  turquoise  deposits  have  made  the  locality  famous  both 
at  home  and  abroad.  The  district  also  forms  a  part  of  the  type 
locality  of  the  Santa  F6  Marls  of  Hayden,  which  have  an  impor- 
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tant  place  in  the  literature  of  the  early  surveys.  It  would  be  im- 
possible to  collect  all  the  many  scattered  references  to  this  region 
and  its  interesting  geological  phenomena,  but  a  brief  resume  of 
the  more  important  work  is  presented  below. 

The  earliest  workers  in  the  mines  of  this  region  belonged  to  an 
ancient  race  of  Indians,  of  whose  history  we  know  little.  When 
the  earliest  white  explorers  entered  the  region  they  found  the  ex- 
tensive turquoise  mines  of  Mt.  Chalchihuitl  long  abandoned,  and 
large  cedar  and  pifion  trees  growing  over  the  dumps,  and  down  in 
the  diggings.  The  vast  extent  and  the  evident  antiquity  of  the 
workings  were  marvellous.  The  stone  hammers  of  these  ancient 
miners  are  still  to  be  picked  up  amongst  the  debris.  As  the  mines 
have  never  been  worked  to  any  extent  since  the  Pueblo  uprising  in 
1680,  practically  all  of  the  vast  excavation  must  have  been  made 
prior  to  that  date,  and  must  represent  a  very  great  length  of  time. 

The  earlier  explorers  also  found  that  the  lead,  silver  and  other 
mines  in  the  Cerrillos  Hills  had  been  worked  to  a  greater  or  less 
extent,  while  the  placer  mines  to  the  south  were  still  in  operation 
and  a  few  settlers  were  carrying  on  gold  mining  in  a  more  exten- 
sive manner.  It  is,  however,  in  the  scientific  work  of  the  various 
exploring  expeditions  that  we  are  most  interested.* 

In  July,  1846,  Dr.  A.  Wislizenus  visited  the  Cerrillos  district, 
while  on  a  scientific  tour  to  Mexico.  He  made  a  careful  study  of 
the  placer  mines  in  the  Ortiz  Mountains  to  the  south,  and  in  his 
report  t  describes  these  workings  in  detail  and  mentions  a  few 
other  points  of  general  geological  interest. 

In  September,  of  the  same  year,  Lieut.  J.  W.  Abert  made  a  trip- 
from  Santa  Fe  to  the  placer  mines  in  the  Ortiz  Mountains,  while 
connected  with  the  Army  of  the  West.  Lieut.  Abert  describes  J 
the  placer  mines,  and  gives  notes  concerning  the  eruptives  and 
sedimentaries  of  the  Cerrillos  region,  the  occurrence  of  coal  and 
other  points  of  interest. 

Major  W.  H.  Emory  visited  the  region  in  1846,  in  connection 


*  A  more  extensive  resume  of  the  work  of  some  of  the  writers  now  to  be  cited  may 
be  found  in  Prof.  J.  J.  Stevenson's  report  to  Lieut.  Wheeler,  U.  S.  Geog.  Surv.  West 
of  looth  Mer.,  Vol.  111.,  .Supplement,  pp.  28-36.  A  still  more  detailed  account  ap- 
pears in  connection  with  the  discussion  of  the  various  geological  problems,  in  subse- 
quent  pages. 

t  Senate  Miscellaneous  Document  No.  26,  30th  Congress,  1st  Session. 

X  Senate  Executive  Document  No.  23,  30th  Congress,  1st  Session. 
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with  the  Advanced  Guard  of  the  Army  of  the  West.  His  report  * 
contains  but  few  notes  on  the  Cerrillos  district. 

In  the  fall  of  1853  Prof.  Jules  Marcou,  in  connection  with  Lieut. 
Whipple's  exploration  for  a  railway  route  near  the  thirty-fifth  par- 
allel, made  more  extensive  notes  on  the  geology  of  the  Cerrillos 
district.  He  describes  t  the  alluvial  deposits  washed  down  from 
the  neighboring  mountains,  the  sedimentary  rocks,  the  eruptives, 
and  the  numerous  dikes  which  are  so  prominent  a  feature  of  the 
region. 

In  1857  Prof.  William  P.  Blake  visited  the  Hills,  and  published 
notes  on  the  geology :[:  and  mineral  resources  §  and  a  paper  on  the 
turquoise  deposits  ||. 

In  1858  Prof.  J.  S.  Newberry,  in  connection  with  the  Ives  Ex- 
ploring Expedition,  visited  the  Cerrillos  district  and  made  some 
general  notes  on  the  geology.**  A  year  later  Prof.  Newberry 
again  had  the  opportunity  to  visit  this  region,  while  connected 
with  the  Macomb  Exploring  Expedition.  At  this  time  he  made 
a  much  more  extended  study  of  the  geology,  and  his  report  ft  on 
the  area  was  the  most  extensive  we  had  up  to  the  time  of  its 
publication.  Prof.  Newberry  discussed  the  character  and  age  of 
the  various  deposits,  the  occurrence  of  the  anthracite  coal,  iron, 
placer  gold,  and  other  mineral  products,  and  the  types  and  age  of 
the  eruptive  rocks. 

Dr.  John  L.  Le  Conte,  in  connection  with  the  survey  of  the 
Union  Pacific  Railway,  visited  the  region  in  1867,  and  made  some 
observations  upon  the  geological  conditions.     In  his  report  J  J  he 

*  Executive  Document  No.  41,  30th  Congress,  1st  Session. 

f  Explorations  and  Surveys  for  a  Railroad  Route  from  the  Mississippi  River  to 
the  Pacific  Ocean,"  Vol.  III.,  Pt.  IV.,  No.  2,  pp.  140-141. 

J  **  Observations  on  the  Geology  of  the  Rocky  Mountain  Chain  in  the  Vicinity  of 
Santa  F6,  New  Mexico/'  Frot:.  A.  A.  A.  Set,,  1 859,  pp.  314-319. 

2  *'  Observations  on  the  Mineral  Resources  of  the  Rocky  Mountain  Chain  near  Santa 
F«,  New  Mexico,'*  Proc,  Bost.  Soc.  Nat.  Hist,,  1859,  pp.  64-70. 

II  "The  Chalchihuitl  of  the  Ancient  Mexicans,"  Am.  Jour.  Set.,  Vol.  XXV.,  1858, 
pp.  227-232. 

**  **  Report  upon  the  Colorado  River  of  the  West,"  by  Lieut.  J.  C.  Ives,  Wash., 
1 861.     Pt.  III.,  Geol.  Report,  pp.  98-99. 

ft  "  Report  of  the  Exploring  Expedition  from  Santa  F6,  New  Mexico,  to  the  Junc- 
tion of  the  Grand  and  Green  Rivers,"  by  Capt.  J-  N.  Macomb,  1859.  Geol.  Report, 
pp.  38-42. 

Xt"  Notes  on  the  Geology  of  the  Survey  for  the  Extension  of  the  Union  Pacific 
Railway,  E.  D.,  from  the  Smoky  Hill  River,  Kansas,  to  the  Rio  Grande  ;  "  Phila., 
1868,  pp.  36-41. 
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mentions  the  occurrence  of  the  coal,  placer  gold,  turquoise  and 
other  valuable  products,  discusses  the  origin  of  the  anthracite  and 
the  character  of  the  eruptives.  A  section  through  the  coal  series 
and  other  details  are  given. 

In  1869  Dr.  F.  V.  Hayden  made  a  reconnoissance  **from  Santa 
F6  to  Placi^re  Mountains  and  return.*'  His  report  *  is  brief  but  of 
unusual  interest  and  value.  He  describes  and  names  the  group 
known  as  the  Santa  ¥t  Marls,  and  the  Galisteo  Group  of  red  sand- 
stones. The  occurrence  of  the  coal  is  discussed,  detailed  sections 
given,  and  the  mineral  products  described.  In  other  portions  of 
this  same  report  are  points  of  interest  which  bear  on  this  special 
region. 

Dr.  Oscar  Loew  connected  with  the  Wheeler  Expedition,  vis- 
ited the  region  in  1874,  and  his  reports  f  record  several  observa- 
tions  upon  the  geology  of  the  Cerrillos  district. 

During  the  same  year  Prof.  E.  D.  Cope,  also  connected  with 
Lieut.  Wheeler's  Expedition,  made  a  trip  through  this  region  and 
published  notes  concerning  the  Santa  F^  Marls  and  older  de- 
posits.J  The  greater  part  of  Prof.  Cope's  observations  were 
made  at  points  outside  of  the  Cerrillos  district  proper,  but  have  a 
direct  bearing  on  geological  problems  involved  in  the  study  of 
that  area. 

In  1878-79  Prof.  John  J.  Stevenson,  in  connection  with  the 
Wheeler  Survey,  made  a  study  of  the  geology  of  southern  Colo- 
rado and  northern  New  Mexico.  His  report  §  gives  the  most 
extensive  account  yet  published  of  the  geology  of  the  region  about 
Galisteo  and  from  there  westward  to  the  Cerrillos  district.  The 
details  of  Prof.  Stevenson's  observations  are  considered  more  fully 
in  subsequent  pages. 

In  1880  Prof.  Benjamin  Silliman  visited  the  Cerrillos  Hills,  and 
published  notes  on  the  "  Turquoise  of  New  Mexico."  ||     He  dis- 


*  **  Preliminary  Field  Report  of  the  United  States  Geological  Survey  of  Colorado 
and  New  Mexico,  1869,"  pp.  66-68. 

t  *'U.  S.  Geog.  Surv.  West  of  looth  Mer.,'*  Vol.  III.,  Pt.  VI.;  also  Rep.  of  Chief 
of  Engineers,  1875,  Pt.  II.,  Appendix  G  2. 

X  ''U.  S.  Geog.  Surv.  West  of  looth  Mer.,'*  Vol.  IV.,  Pt.  II.;  Froc,  PhU.  Acad. 
Nat.  Sci.f  1874,  pp.  147-152;  same  for  1875,  p.  271  ;  also  Rep.  of  Qiief  of  Engi- 
neers, 1875,  Pt.  II.,  Appendix  G  I. 

§  "  U.  S.  Geog.  Surv.  West  of  looth  Meridian,"  Vol.  III.,  Supplement. 
Am. /our.  Set'.,  July,  1881,  pp.  67-71. 
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cusses  the  age  of  the  Cerrillos  uplift,  the  occurrence  of  turquoise, 
and  the  extent  and  antiquity  of  the  mines. 

Prof.  Stevenson  again  visited  the  Cerrillos  district  in  1S95,  and 
published  extensive  notes  on  the  occurrence  and  origin  of  the 
anthracite  coal,*  together  with  considerations  of  the  lot^al  geology. 

In  1897  Dr.  C.  L.  Herrick  studied  the  Cerrillos  district,  and 
briefly  described  f  some  of  the  general  geologic  features. 

The  work  of  the  writer  represents  several  excursions  into  the 
region  during  the  spring  and  summer  of  1899  and  1900,  and  a 
more  extensive  and  detailed  study  during  the  summer  of  1902. 
The  results  of  the  studies  are  herewith  presented. 

» 

STRATIGRAPHY. 
The  Santa  ¥t  Marl  Group. 

Loup  Fork  Tertiary  to  Recent. 

Throughout  the  Cerrillos  district,  except  where  the  Galisteo 
Creek  and  its  tributary  arroyos  have  removed  them,  a  series  of 
horizontally  bedded  marls,  marly  sands  and  conglomerates  are 
found  resting  upon  the  planed-ofif  edges  of  the  upturned  older  sedi- 
ments. To  this  series  Dr.  Hayden  gave  the  name  "Santa  F6 
Marl  Group,"  and  its  interest  to  geologists  has  always  been  con- 
siderable. Its  deposits  constituted  the  basis  for  one  of  the  great 
Tertiary  lakes  assumed  by  the  geologists  of  our  early  surveys  to 
have  occupied  so  much  of  the  area  of  the  western  territories  dur- 
ing the  Tertiary  period.  At  a  time  when  we  are  just  beginning  to 
realize  that  some  of  these  supposed  lacustrine  deposits  are  really 
of  fluviatile  or  alluvial  origin,  a  study  of  the  Santa  F6  Marls  proves 
especially  interesting. 

So  far  as  I  am  aware,  the  first  notes  on  the  Santa  F6  Marls  were 
made  by  Jules  Marcou  in  the  fall  of  1853.  In  his  field-notes  for 
October  i  and  2  of  that  year,;];  he  speaks  of  a  "  diluvium  com- 
ing from  Gold  (Ortiz)  Mountain  " ;  "  hills  of  diluvium  (in  the  vil- 
lage of  Galisteo)  coming  from  the  Santa  F6  Mountains"  and  con- 
taining "  masses  of  granite,  serpentine,  etc. ;  "  "  the  thick  diluvium 
containing  angular  fragments  of  small  size,  and  mingled  with  sand 

*  Trans.  N.  Y.  Acad.  Sci.y  January,  1896,  pp.  105-122. 
t  Bull.  Univ,  Neiu  Mexico^  Vol.  I.,  pp.  109-114. 

X  <*  Exploration  and  Survey  for  a  Railroad  Route  from  the  Mississippi  River  to  the 
Pacific  Ocean,"  Vol.  III.,  Wash.,  1856;  Pt.  IV.,  No.  2,  pp.  140-141. 
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and  rose-colored  granite,  with  crystals  of  hornblende ; "  and  of  "  a 
whitish  conglomerate,  in  horizontal  beds,  covering  the  trachytes 
along  the  creek." 

In  1858  Prof.  Newberry,  on  his  first  trip  to  this  region,  noted 
that  the  only  rock  visible  from  the  Cerrillos  Hills  to  Santa  Fe  was 
red  calcareous  sandstone  of  the  Marl  series  (Triassic)  which  is  gen- 
erally covered  by  **  drift  from  adjacent  mountains.*'*  In  1859,  on 
his  second  trip,  Prof.  Newberry  made  a  much  more  extensive  ex- 
amination of  this  region,  but  in  his  report  does  not  discuss  the 
Santa  ¥€  Marls.  In  one  place  he  says  :t  "  It  is  only  near  the  Rio 
Grande  that  the  Tertiary  beds  to  which  I  have  referred  make  their 
appearance."  Evidently,  then,  he  did  not  consider  the  Santa  F6 
Marls  which  are  so  well  exposed  in  the  Cerrillos  region  and  from 
there  to  Santa  F6  as  belonging  to  the  Tertiary.  It  would  seem 
that  he  regarded  these  beds  as  recent  drift  derived  from  neighbor- 
ing mountains,  and  not  worthy  of  more  than  passing  notice. 

In  1869  Dr.  Hayden  visited  the  Cerrillos  district,  investigating 
and  naming  the  deposits  known  as  the  Santa  F6  Marls.  In  his 
preliminary  report  on  the  field  work  for  that  year  he  says :  %  "  From 
Santa  F6  to  the  banks  of  the  Galisteo  Creek,  eighteen  miles,  we 
pass  over  the  recent  marls  and  sands  which  seem  to  occupy  the 
greater  portion  of  the  valley  of  the  Rio  Grande,  above  and  below 
Santa  F6,  and  which  I  have  called  Santa  F6  marls.  These  are 
mostly  of  a  light  cream-color,  sometimes  rusty  yellow,  and  some- 
times yellowish-white,  with  layers  of  sandstones,  varying  in  texture 
from  a  very  fine  aggregate  of  quartz  to  a  moderately  coarse  pud- 
ding-stone. These  marls  and  sands  weather  into  unique  forms 
north  of  Santa  F6.  like  the  *  bad  lands  *  or  *  Mauvais  terres  '  of  Da- 
kota." A  little  further  on  we  find  the  statement  "  basaltic  rocks 
are  poured  over  the  recent  Tertiary  beds,"  and  finally  '*  We  have, 
therefore,  in  the  valley  of  the  Rio  Grande,  if  my  investigations  are 
correct,  three  groups  of  Tertiary  beds  of  different  ages:  (i)  The 
coal  strata;  *  *  *  (2)  the  Galisteo  sand  group;  *  *  *  (3)  the  Santa  F6 
marls,  which  are  of  much  later  date  than  either  of  the  other  two, 
and  rest  unconformably  upon  the  Galisteo  group,  and  never  in- 

.   ***Rcp.  upon  Col.  Riv.  of  the  West,"  by  Lieut.  J.  C.   Ives,  Wash.,  1861  ;  Pt. 
III.,  pp.  98-99- 

t  **  Rep.  of  the  Expl.  Exped.  from  Santa  F6,  N.  M.,  to  Junct.  of  Grand  and  Green 
Riv.,"  by  Capt.  J.  N.  Macomb,  1859;  Geol.  Rep.,  pp.  38-42. 

X  **  Prelim.  Field  Rep.  U.  S.  Geol.  Surv.  of  Col.  and  New  Mex.,"  pp.  66-68,  1869. 
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cline  more  than  five  or  ten  degrees."  In  the  report  of  a  trip  from 
Santa  F€  to  Taos  *  we  find  the  following :  "  These  Santa  F6  marls 
reach  a  great  thickness  north  of  Santa  F6,  in  the  Rio  Grande  val- 
ley, from  one  thousand  two  hundred  to  one  thousand  five  hundred 
feet,  and  have  a  tendency  to  weather  into  similar  monumental  and 
castellated  forms,  as  in  the  '  Bad  Lands.'  The  upper  portions  are 
yellow  and  cream-colored  sandstones,  sands  and  marls.  Lower 
down  are  some  gray  coarse  sand  beds  with  layers  of  sandstone. 
All  these  marls  dip  from  the  range  westward  three  to  five  degrees. 
The  Rio  Grande  wears  its  way  through  these  marls  with  a  bottom 
about  two  miles  wide.  *  *  *  As  we  go  northward  near  the  moun- 
tains, the  rounded  boulders  become  more  and  more  numerous,  but 
near  the  Rio  Grande,  where  they  have  all  disappeared,  the  source 
of  this  great  thickness  of  sediment  is  apparent."  And  in  another 
place,t  "Along  the  base  of  the  mountains,  especially  in  the  valley 
of  the  Penasco,  there  is  a  great  thickness  of  very  coarse  conglom- 
erate resting  upon  the  granite  horizontally.  It  is  undoubtedly  of 
the  same  age  as  the  marl  beds."  In  other  places  Dr.  Hayden  fre- 
quently refers  to  the  fact  that  these  marls  are  overlain  by  basalt. 

I  have  quoted  thus  extensively  from  Dr.  Hayden's  report  in 
order  that  we  may  clearly  understand  the  essential  relations  and 
characters  of  the  Santa  F6  Marls  as  understood  by  the  one  who 
defined  and  named  them.  We  see  from  his  statements  that  the 
following  facts  hold  true  in  the  type  locality : 

1 .  The  beds  vary  greatly  in  thickness. 

2.  They  vary  greatly  in  composition  in  vertical  section,  showing 
marls,  fine  and  coarse  sands,  and  fairly  coarse  pudding-stones. 

3.  They  vary  greatly  in  composition  in  areal  distribution,  and 
have  a  tendency  to  consist  of  great  beds  of  coarse  conglomerates 
near  the  mountains,  to  become  finer  and  finer  farther  away  from 
the  uplift,  and  to  consist  of  fine  sediments  at  the  more  remote 
localities. 

4.  They  dip  with  a  small  but  comparatively  uniform  inclination 
in  all  directions  from  the  mountains. 

5.  They  rest  unconformably  upon  the  upturned  sandstones  of 
the  Galisteo  Group,  east  of  Cerrillos. 

6.  They  are  overlain  by  basalt  flows  in  a  number  of  places. 

It  is  with  the  above  points  as  a  standard  of  comparison  that  I 

*//5?V/.,  p.  69. 
f/dtd.f  p.  70. 
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wish  to  review  the  opinions  of  other  geologists  regarding  these 
beds. 

In  1874  Professor  E.  D.  Cope  visited  this  region,  and  later  in 
that  same  year  published  a  paper  entitled  "  Notes  on  the  Santa  F6 
Marls  and  Some  of  the  Contained  Vertebrate  Fossils."  *  A  still 
more  extensive  account  f  of  these  beds  appeared  in  Professor 
Cope's  full  report  to  Lieut.  Wheeler. 

Professor  Cope  confined  himself  largely  to  a  discussion  of  the 
vertebrate  remains  and  the  age  of  the  beds.  He  considered  these 
Marls  of  lacustrine  origin,  and  referred  them  to  the  Loup  Fork 
epoch,  on  the  basis  of  vertebrate  fossils  obtained  near  San  Ude- 
fonso,  Sante  F^  and  Santa  Cruz. 

In  1 879  Professor  J.J.  Stevenson,  in  connection  with  the  Wheeler 
Survey,  studied  this  region,  and  published  "  Notes  on  the  Geology 
of  Galisteo  Creek,  New  Mexico  "J  in  which  he  described  the  beds 
in  question.  These  notes  appeared  more  fully  §in  Prpfessor  Steven- 
son's report  to  Lieut  G.  M.  Wheeler  upon  the  "  Geological  Exam- 
inations in  Southern  Colorado  and  Northern  New  Mexico,  During 
the  Years  1878  and  1879,"  from  which  report  I  note  the  following : 

Professor  Stevenson  divided  these  horizontal  beds  into  two  differ- 
ent groups,  which  he  considered  of  different  ages  —  the  Galisteo 
Group  being  "  not  older  than  early  Miocene  or  newer  than  early 
Pliocene,"  and  the  Santa  F6  Marls,  belonging,  as  determined  by 
Cope,  to  the  Loup  River  epoch  of  the  Pliocene.  It  is  unfortunate 
that  the  name  "  Galisteo  Group,"  which  had  already  been  em- 
ployed by  Dr.  Hayden  to  denote  the  easterly  dripping,  red  sand- 
stones above  the  Coal  Measures,  should  be  applied  to  an  entirely 
different  series  of  beds  at  the  same  point.  I  cannot  see  that  the 
possibility  of  the  red  sandstone  series  belonging  to  the  Laramie  or 
coal  group  forms  any  objection  to  the  use  of  a  local  term  to  desig- 
nate a  special  development  of  a  part  of  such  group,  and  in  my 
treatment  of  this  region  can  only  adopt  the  terms  established  by 
Hayden  in  1869. 

Professor  Stevenson  gives  the  following  section  of  his  so-called 
Galisteo  Group : 


*  Proc.  Phil.  Acad,  Nat.  Set.,  1874,  pp.  147-152,  pis.  IX.-XI. 
t  U.  S.  Geog.  Suit.  West  of  looth  Mer.,  Vol.  IV.  Pt,  II.,  pp.  20-25. 
XAtn.Jour.  Set.,  Vol.  XVIII.,  pp.  471-475,  1879. 

§  U.  S.  Geog.  Surv.  West  of  looth  Mer.,  Vol.  III.,  Supplement,  pp.  i59-i63» 
1881. 
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From  '■  Camp  and  Plant" 
Hadrid,  Kew  Mexioo.     On  the  riKht  the  nnitorm  level  of  the  diHseoted  plaio  is  ihown, 
while  the  Cerrilloa  Hills  appear  in  the  baokgroand  at  Uie  left. 


From  "Campuid  Plant." 

M  at  Waldo,  New  Mexico. 
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Feet. 

Trachyte  breccia 150 

Soft  light  gray  sandstone 40 

The  breccia  is  described  as  "  very  dark  gray  or  even  lead  col- 
ored, and  is  composed  of  angular  fragments,  cemented  by  finer 
material,  apparently  of  similar  nature."  The  sandstone  is  **  very 
light  gray,  excessively  soft  and  incoherent,  so  that  it  yields  to  the 
weather  as  though  it  were  loose  sand,  weathering,  indeed,  more 
freely  than  do  the  tough  alluvial  deposits  along  the  creeks.  This 
is  the  lowest  bed  of  the  group  found  within  the  area  examined." 
Regarding  the  relation  of  these  beds  to  each  other  and  to  the  un- 
derlying beds,  Professor  Stevenson  says :  "  Both  the  breccia  and  the 
underlying  sandstone  (of  the  above  group)  *  *  *  are  conformable. 
*  *  *  The  breccia  is  composed  largely  of  trachyte  from  Los  Cer- 
rillos,  a  group  of  trachyte  hills  shown  on  the  north  side  of  Galisteo 
Creek  at  sixteen  miles  below  the  village  (Galisteo).  But  the  out- 
burst of  trachyte,  forming  those  hills,  caused  frightful  contortion 
of  the  Laramie  beds  (Galisteo  Group  proper,  of  Hayden).  It  is 
clear,  then,  that  the  Galisteo  Group  (of  Stevenson)  cannot  be  con- 
formable to  the  Laramie.  *  *  *  It  certainly  antedates  the  great 
flow  of  basalt,  for  as  far  as  examined  it  shows  no  included  frag- 
ments of  that  rock.  It  no  doubt  is  long  posterior  to  the  trachyte 
outburst,  for  it  rests  on  the  leveled  edges  of  the  rocks  which  were 
turned  up  during  that  outburst." 

On  reading  Professor  Stevenson's  account  of  this  Group  it  readily 
becomes  apparent  that  it  is  none  other  than  the  typical  Santa  F6 
Marls  of  Dr.  Hayden.  And,  as  I  shall  show  in  subsequent  pages, 
the  examination  of  the  beds  in  the  field  confirms  this  fact.  For  the 
present  I  will  merely  compare  Professor  Stevenson's  description  of 
the  beds  with  the  standard  of  comparison  which  we  have  in  Dr. 
Hayden's  report.  Reference  to  that  standard  (p.  315)  will  show 
that  so  far  as  the  composition  of  the  beds  is  concerned,  there  is  noth- 
ing in  Professor  Stevenson's  description  which  does  not  agree  with 
that  of  Dr.  Hayden's  as  shown  in  paragraph  No.  2.  This  group, 
according  to  Professor  Stevenson,  rests  unconformably  upon  the  up- 
turned edges  of  the  sandstones  (Laramie  of  Stevenson,  or  Galisteo 
Group  of  Hayden)  east  of  Cerrillos.  The  Santa  ¥i  Marls,  in  their 
typical  development,  occupy  exactly  this  position  with  relation  to 
these  same  beds  in  the  same  locality  as  noted  in  paragraph  No.  5. 
Professor  Stevenson  states  that  this  group  is  older  than  the  basalt 
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flows.  Dr.  Ha>den  states  clearly  that  the  Santa  F6  Marls  are 
older  than  the  basalt  flows,  being  overlain  by  such  flows  in  a  num- 
ber of  places  (paragraph  No.  6).  There  can  be  no  doubt,  then, 
that  the  so-called  Galisteo  Group  of  Stevenson  is  nothing  else  than 
the  Santa  F6  Marl  group  of  Dr.  Hayden. 

Professor  Stevenson  then  describes  what  he  considers  as  the 
Santa  F6  Marls,  and  gives  the  following  section : 

Feet. 

Silt 1 

White  marly  limestone i 

Conglomerate 3 

Clay 10 

White  marly  limestone 3 

Total 18 

He  further  says*:  •*  The  marly  or  chalky  limestone  is  present 
beyond  Galisteo  Creek  southward  on  the  bench  reaching  toward 
the  Placer  Mountain,  and  very  possibly  the  whole  of  the  loose 
material  seen  there,  consisting  of  fragments  of  trachyte,  granite, 
etc.,  with  sands,  clays,  and  irregular  layers  of  the  marly  limestone, 
may  be  included  in  this  group  (Santa  ¥t  Marls);  the  thickness 
being  between  fifty  and  seventy- five  feet.  *  *  *  The  group  is  cer- 
tainly newer  than  the  basalt,  for  fragments  of  that  rock  cemented 
by  it  occur  on  the  Ocate  Mesa  near  the  Wagon  Mound.  It  over- 
lies the  basalt  in  the  Upper  Valley  of  the  Rio  Grande." 

It  is  evident  that  the  tabulated  section  given  above  is  merely  a 
small  fraction  of  the  upper  part  of  the  Santa  F6  Marls.  As  for 
the  beds  beyond  the  Galisteo  Creek  southward  on  the  bench  reach- 
ing toward  the  Placer  Mountain,  after  a  careful  examination  of 
numerous  exposures,  I  am  convinced  that  they  are  absolutely 
identical  and  were  once  continuous  with  the  beds  on  the  north  side 
of  the  creek,  that  they  are  older  than  the  basalt,  being  overlain  by 
it  further  north,  and  that  they  rest  directly  on  the  leveled  edges  of 
the  upturned  yellow  and  red  sandstones  of  the  Galisteo  Group 
proper,  as  well  as  of  the  earlier  Cretaceous  rocks.  It  will  be  seen 
that  the  very  uppermost  few  feet  (alone)  of  the  Santa  Fe  Marls  are 
more  recent  than  the  basalt  and  overlie  it  in  places ;  or,  in  other 
words,  that  the  whole  of  the  Santa  ¥€  Marls  constitute  a  single, 
practically  indivisible  formation  ;  that  after  a  large  part  of  the  beds 
had  been  deposited  the  basalt  was  poured  out  over  the  beds  already 

*  Ibici.f  p.  162. 
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formed ;  and  that  this  basalt  was  in  turn  covered  in  places  by  the 
small  amount  of  marls  which  continued  to  be  deposited  after  the 
eruption. 

One  fact  which  led  Professor  Stevenson  to  separate  the  upper  few 
feet  of  these  Marls  from  his  so-called  Galisteo  Group,  was  the  evi- 
dence, at  a  certain  point,  of  unconformity  between  the  two.  Be- 
lieving, as  the  earlier  geologists  did,  in  the  lacustrine  origin  of 
these  beds,  such  a  conclusion  was  most  natural.  When  the  true 
character  of  these  deposits  is  understood,  however,  it  will  be  seen 
that  such  unconformities  are  very  numerous  and  bear  no  relation 
to  the  age  of  the  beds,  but  rather  to  the  mode  of  their  formation. 

Both  Dr.  Hayden  and  Professor  Stevenson  refer  in  several  places 
to  a  peculiar  conglomerate  or  breccia  cemented  by  carbonate  of  lime, 
and  which  in  some  instances  they  considered  of  Recent  or  Quater- 
nary age.  As  will  appear  later,  such  a  deposit  is  characteristic  of 
the  Santa  F€  Marls  at  many  points  in  the  type  locality. 

In  1897  Dr.  C.  L.  Herrick  visited  this  region  and  published 
notes  on  "  The  Geology  of  the  Cerrillos  and  Ortiz  Area."  *  After 
speaking  of  the  Cretaceous  shales,  he  says:  "  Above  these  shales  is 
a  bed  of  crag  and  loose  material  over  50  ft.  thick.  The  boulders 
at  the  bottom  of  this  series  are  of  phonolite  similar  to  that  of  the 
mountains  at  the  south  end  of  the  range  (Cerrillos).  The  whole  is 
capped  by  25  ft.  of  recent  lava  from  the  adjacent  cone."  Dr.  Her- 
rick does  not  refer  to  the  origin  of  these  beds  further  than  to  state 
his  opinion  that  they  resulted  from  the  erosion  of  the  Cerrillos 
hills.  He  speaks  of  them  as  "  perhaps  Pleistocene,"  and  appar- 
ently did  not  recognize  their  identity  with  the  Santa  Fe  Marls  of 
Hayden. 

In  the  summer  of  1902  the  writer  made  a  careful  study  of  the 
Santa  F6  Marls,  which  are  typically  developed  in  the  Cerrillos 
district,  although  not  attaining  the  great  thickness  reported  from 
farther  north.  The  locality  east  of  Cerrillos,  studied  by  Dr.  Hay- 
den, and  many  other  excellent  exposures,  were  visited,  and  some 
interesting  data  collected. 

As  shown  on  the  map,  the  Santa  F^  Marls  cover  a  large  portion 
of  the  Cerrillos  district.  Before  the  present  erosion  cycle,  these 
marls  extended  over  the  entire  area,  and  were  the  only  sediments 
visible,  with  the  possible  exception  of  the  uptilted  coal  measures 


*  Bull,  Univ.  New  Mex.y  Vol.  I.,  pp.  109-114. 
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at  Madrid,  which  may  have  protruded  a  short  distance  above  their 
surface.  The  andesite  peaks  of  the  Cerrillos  Hills  doubtless  still 
projected  above  the  surrounding  blanket,  which  they  had  helped 
to  form  by  contributing  a  goodly  supply  of  ^material  for  the  con- 
glomeritic  and  finer  beds.  It  was  the  more  recent  erosion  which 
revealed  the  underlying  Cretaceous,  and  to-day  we  find  these  older 
rocks  exposed  in  the  valleys  of  the  river  and  tributary  arroyos, 
while  the  Marls  still  cover  the  general  level  into  which  these  valleys 
have  been  cut. 

The  relation  of  the  Santa  F6  Marls  to  the  underlying  rocks  is 
clearly  shown  in  a  number  of  places,  one  of  the  best  being  a  mile 
or  two  east  of  the  town  of  Cerrillos  (Plate  G).  The  red  and  yellow 
sandstones  of  the  Galisteo  and  Madrid  groups,  upturned  by  the  Cer- 
rillos intrusion,  have  been  leveled  ofT,  and  the  practically  horizontal 
Marl  beds  deposited  upon  them.  One  mile  west  of  Madrid  these 
Marls  rest  horizontally  upon  the  upturned  and  planed-oif  edges  of 
the  Fort  Pierre  beds  in  exactly  the  same  manner,  while  the  same 
relation  to  Fox  Hills  and  Colorado  beds  is  seen  at  several  points. 
The  extreme  regularity  of  the  rock  floor  upon  which  these  Marls 
were  deposited  is  remarkable,  and  its  significance  is  considered 
elsewhere. 

The  relation  of  the  Santa  F6  Marls  to  the  basalt  flow  is  well 
shown  west  of  the  Cerrillos  Hills  (Plate  F).  Here  the  Marls  consist 
of  some  20  to  30  ft.  of  conglomerate,  above  which  are  pink  marls 
and  sands  of  considerable  thickness,  the  whole  being  capped  by 
10  ft.  of  olivine  basalt.  There  is  no  evidence  of  any  great  erosion 
unconformity  between  the  Marls  and  the  basalt,  while  farther  north 
the  eastern  side  of  the  flow  is  concealed  by  a  small  amount  of 
marls  apparently  identical  with  the  Santa  F6  Marls  below,  of 
which  they  doubtless  form  a  continuous  part. 

The  accompanying  diagram  (Fig.  i)  will  serve  to  illustrate  the 
existing  conditions : 


■  ■  ■  I  »  11  I  i  ■  I  J  ■  '  *  Ml  I  I  I.   '  t»l 

-        I    ■    I   ill    1   ^J^^     ■  ^^^^^Ji^M^fcA 
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Fig.  I.  Diagrammatic  illustration  of  the  relations  of  the  Santa  F6  Marls  to  the  ba- 
salt flow  and  to  the  underlying  Cretaceous  beds.  (Latter  should  dip  east  at  the  left  of 
figure. ) 
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Wherever  seen,  the  Marls  consist  of  beds  of  a  peculiar  conglom- 
erate of  more  or  less  coarse  andesite  fragments  cemented  by  a 
marly  cement;  of  beds  of  very  fine,  soft  marls  and  sandstones; 
and  of  coarser  sands.  Frequently  the  finest  sands  and  marls  are 
mixed  with  coarse  pebbles  or  boulders.  "  In  the  peculiar  conglom- 
erate above  mentioned  the  fragments  are  not  rounded,  showing 
that  the  material  was  not  transported  far.  The  local  character  of 
the  formation  is  also  indicated  by  the  fact  that  nearly  all  of  the 
fragments  are  of  the  same  rock  composing  the  Cerrillos  Hills  and 
Ortiz  Mountains.  In  some  of  the  higher  beds  are  often  found 
well  rounded,  worn  pebbles  and  boulders  of*  red  granite,  mica 
schist,  etc.,  which  must  have  had  their  source  in  the  Santa  F6 
Mountains  20  to  25  miles  northeast  of  the  district. 

Although  possible,  it  does  not  seem  to  me  at  all  probable  that 
these  Marls  were  ever  much  thicker  in  the  Cerrillos  district  than 
they  now  are.  The  greatest  thickness  I  have  seen  is  a  little  less 
than  100  feet,  although  a  short  distance  northeast  of  the  area  under 
discussion  a  thickness  of  about  200  feet  is  found.  In  other  locali- 
ties, especially  nearer  the  large  mountain  ranges,  a  much  greater 
development  of  these  beds  is  noted. 

Origin. 

Concerning  the  origin  of  the  Santa  F6  Marls  the  earlier  geol- 
ogists apparently  entertained  two  different  opinions.  Although 
their  belief  is  not  definitely  stated,  we  may  infer  from  the  notes  of 
Marcou  and  Newberry  that  they  considered  these  beds  to  be  wash 
from  the  adjacent  mountains  deposited  by  subaerial  action.  Mar- 
cou speaks  of  **  thick  diluvium  coming  from  the  Gold  and  Santa  F6 
Mountains,"  while  Newberry  calls  it  "  drift  from  adjacent  moun- 
tains." 

On  the  contrary,  Hayden  and  Cope  regarded  these  beds  as  hav- 
ing been  deposited  in  a  great  Tertiary  lake  occupying  the  region 
between  the  Santa  F^  Mountains  on  the  east,  the  Cochiti  range  on 
the  west,  and  extending  an  unknown  distance  southward.  Hayden 
stated  his  belief  in  a  lacustrine  origin  for  these  Marls  in  the  follow- 
ing words.*  '*  I  have  already  alluded  to  my  belief  that  this  western 
country  during  the  Tertiary  period  was  covered  to  a  greater  or  less 
extent  with  a  chain  of  brackish  or  fresh-water  lakes ;  that  the  Ter- 
tiary period  began   its  existence   with   brackish   water  deposits, 

*  Prelim.  Field  Rep.  U.  S.  Geol.  Surv.  of  Col.  and  N.  Mex.,  pp.  89-90,  1869. 
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which  gradually  became  fresh  water,  and  thus  continued  up  to  the 
present  time."  He  then  states  that  he  divides  these  lacustrine 
deposits  into  lower,  middle  and  upper  Tertiary,  describes  the  lower 
and  middle  Tertiary  beds,  and  continues :  "  In  the  valley  of  the 
Rio  Grande  at  least  from  Albuquerque  to  the  north  end  of  San 
Luis  Valley,  a  series  of  marly  sands  of  a  light  color  prevail  to  a 
greater  or  less  extent.  *  *  *  To  this  group  I  have  given  the  name 
of  Santa  F6  marls ;  and  they  are  doubtless  of  the  age  of  upper 
Tertiary." 

That  Professor  Cope  believed  in  a  lacustrine  origin  for  these  beds 
there  can  be  no  doubt.  He  repeatedly  refers  to  them  as  "  lacus- 
trine deposits."  This  belief  was  not  unqualified,  however,  for  in 
speaking  of  the  fauna  of  the  Santa  F6  Marls,  Professor  Cope  him- 
self calls  attention  *  to  the  noteworthy  al>sence  of  fish  and  croco- 
dile remains,  describes  the  occurrence  of  "numerous  vertical 
streaks,  or  rods,  of  a  white  calcareous  mineral "  resembling  **  tubes 
formed  by  the  decay  of  roots  of  a  marsh  vegetation,  or  by  the  bor- 
ings of  mud-loving  animals,"  and  suggests  that  these  Marls  may 
have  been  formed  in  a  marsh  rather  than  a  lake.  That  his  belief 
in  a  lacustrine  origin  was  still  predominant,  however,  is  evidenced 
by  his  continued  references  to  the  lacustrine  conditions  he  con- 
sidered to  have  then  prevailed.  In  the  same  report  with  the  above, 
he  says :  %  "  These  beds  (Triassic)  crop  out  in  high  bluffs,  and  doubt- 
less formed  the  precipitous  western  shore  of  the  fresh  lake  which, 
during  the  Loup  Fork  epoch,  filled  the  valley  of  the  Rio  Grande 
from  its  upper  waters  to  an  unknown  distance  toward  Mexico." 
And  again,  "  The  earliest  information^which  we  possess  respecting 
the  existence  of  Vertebrate  remains  in  the  lacustrine  deposits  of 
the  Rio  Grande  Valley,"  etc. 

So  far  as  I  am  aware  Professor  Stevenson  has  not  expressed 
himself  directly  regarding  his  opinion  of  the  origin  of  the  Santa  F^ 
Marls.  In  his  report  to  Captain  Wheeler, J  however,  he  says: 
*'  Here  and  there  on  the  plain  (Canadian)  a  marly,  travertine-like 
limestone  underlies  the  Quaternary,  and  probably  marks  the  place 
of  some  later  tertiary  lakes."  In  the  index  to  the  supplement 
this  deposit  is  included  under  "  Santa  F6  Marls." 

A  detailed  study  of  the  various  exposures  of  the  Santa  F6  Marls 

*U.  S.  Geog.  Surv.  West  of  looth  Mer.,  Vol.  IV.,  Pt.  II.,  p.  361. 

f  Ibid. ,   p.  24. 

I  U.  S.  Geog.  Surv.  West  of  looth  Mer.,  Vol.  III.,  Supplement,  p.  225. 
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in  the  Cerrillos  region  convinced  me  that  these  beds  are  of  allu- 
vial, and  not  lacustrine,  origin.  I  believe  they  are  wholly  the 
result  of  laterally  confluent  alluvial  fans  spreading  out  from  the 
Santa  F^,  Cerrillos,  Ortiz  and  neighboring  ranges,  and  composed 
entirely  of  the  debris  eroded  from  those  ranges  and  deposited  by 
subaerial  agencies.  I  do  not  believe  that  any  Tertiary  or  more 
recent  lake  of  noteworthy  dimensions  ever  occupied  this  region,  or 
materially  affected  the  alluvial  deposits. 

Before  considering  the  evidence  furnished  by  the  data  collected, 
I  desire  to  review  the  criteria  which  may  be  used  in  discriminating 


Fig.  I.     Santa  Yk  Marls  as  exposed  in  San  Marcos  Arroyo,  east  of  Cerrillos  Hitls. 

between  deposits  of  alluvial  and  lacustrine  origin.  In  a  paper  on 
"  The  Freshwater  Tertiary  Formations  of  the  Rocky  Mountain 
Region,"  *  Professor  W.  M.  Davis  has  called  attention  to  the  almost 
universal  interpretation  of  fresh-water  strata  as  lake  deposits  by 
the  geologists  of  our  western  surveys,  has  noted  the  existence  in 
many  localities  of  fresh-water  strata  which  are  undoubtedly  the  re- 
sult of  laterally  confluent  alluvial  fans,  and  has  expressed  his  belief 

•Proc.  Am.  .Acad.  .Arts  and  Sci..  Vol.  XXXV.,  No.  17  ;  pp.  345-373.     March, 
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that  a  part  of  the  so-called  lake-deposits  of  Tertiary  age  are  really 
deposits  of  the  latter  nature.  Professor  Davis  described  at  some 
length  the  essential  characters  of  both  lacustrine  and  subaerial  de- 
posits, some  of  which  are  practically  those  noted  below. 

In  a  large  and  comparatively  deep  lake,  such  as  that  assumed 
by  the  earlier  geologists  to  exist  in  this  region,  we  should  expect 
the  marginal  deposits  to  be  more  or  less  coarse  and  irregular, 
while  the  deposits  over  the  central  floor  of  the  lake  would  be  of 
very  fine  and  even  texture.  That  such  must  be  the  conditions  is 
shown  by  the  study  of  existing  lakes.  No  extensive  variations  in 
texture  or  composition  would  be  possible  in  this  central  portion. 
We  cannot  conceive  that  either  waves  or  currents  could  sweep 
coarse  pebbles  or  boulders  far  out  into  such  a  lake,  and  so  give  us 
layers  of  conglomerate  alternating  with  fine  sands,  marls,  etc. 
Such  conglomerates  could  only  appear  near  the  shore  line.  Even 
coarse  sands  could  not  be  present  alternating  with  fine  marls,  etc. 
As  Davis  says :  "  It  can  hardly  be  imagined  that  the  sediments 
deposited  on  the  floor  of  a  large  lake  should  contain  frequent  alter- 
nations of  finer  and  coarser  beds,  such  as  clays  and  sands."  On 
the  other  hand,  in  deposits  formed  by  laterally  confluent  fans  of 
waste,  deposited  by  subaerial  agencies,  such  variations  are  to  be 
expected.  Although  in  general  the  coarser  debris  would  be 
dropped  nearer  the  mouths  of  the  various  caiions,  and  the  finer 
material  carried  further  out,  still  with  the  growth  of  the  fans,  and 
the  varying  conditions  due  to  floods  of  greater  or  less  extent, 
changes  of  season,  etc.,  material  of  considerable  coarseness  as  well 
as  the  finer  debris  would  be  carried  far  out  from  the  mountains. 
Consequently  we  should  not  be  surprised  to  find  conglomerates  of 
fair  sized  pebbles  at  a  considerable  distance  from  the  mountains 
often  alternating  with  fine  sands  and  marls.  These  variations 
would  be  further  complicated  by  the  interlocking  of  different  fans 
laterally,  or  of  fans  from  different  mountain  ranges. 

In  deposits  formed  on  the  floor  of  a  large  lake  we  should  not 
expect  to  find  sudden  marked  variations  in  the  thickness  and  areal 
extent  of  the  component  beds.  This  would  be  especially  true  of 
the  deposits  in  the  central  portion  of  such  a  lake,  where  a  consid- 
erable degree  of  uniformity  of  thickness  and  extent  would  neces- 
sarily exist.  The  stratification  would  be  fairly  evenly  developed, 
and  it  would  be  difficult  to  conceive  of  beds  of  sandstone  several 
feet  in  thickness  suddenly  wedging  out  and  disappearing  entirely 
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to  be  replaced  by  wholly  different  strata.  In  alluvial  fans,  how- 
ever, such  occurrences  would  be  most  natural,  and  while  a  remark- 
able degree  of  perfection  in  the  stratification  of  the  finer  deposits 
of  such  fans  has  been  noted,  instances  of  the  sudden  "  wedging 
out  "  of  beds  are  still  more  numerous,  especially  in  the  coarser 
deposits.  As  a  necessary  corollary,  the  component  layers  in 
lacustrine  deposits  could  vary  but  little,  while  those  of  alluvial  de- 
posits might  vary  greatly,  within  a  limited  area. 

In  lacustrine  deposits  there  would  be  little  or  no  development  of 
erosion  unconformities.  It  is  evident  that  under  normal  conditions 
there  would  be  no  opportunity  for  streams  to  cut  channels  in  the 
finer  sediments,  and  then  fill  these  channels  with  gravel  or  sand 
brought  from  distant  sources.  In  alluvial  fans,  however,  such 
phenomena  would  necessarily  occur  to  a  greater  or  less  extent. 
Streams  flowing  out  over  the  fan,  constantly  cutting  and  refilling 
new  channels,  and  washing  boulders  and  gravel  along  channels  cut 
in  the  finest  marls  or  sands,  would  leave  their  records  in  the  shape 
of  numerous  unconformities  of  erosion.  Such  evidence  might  not 
always  be  available,  but  where  it  did  appear  in  a  marked  degree 
would  be  undoubted  evidence  of  the  subaerial  origin  of  the 
deposits. 

Abundant  cross-bedding  at  high  angles  would  not  be  expected 
in  deposits  on  the  central  portion  of  a  large  lake  floor,  but  would 
be  very  natural  in  the  sands  of  alluvial  cones,  where  the  chang- 
ing streams  would  develop  the  phenomena  to  a  marked  extent. 

A  land  fauna  or  flora,  with  entire  absence  of  fish  remains,  would 
be  strongly  suggestive  of  a  subaerial  origin  •for  the  deposits  enclos- 
ing them,  rather  than  a  lacustrine  origin. 

The  Cerrillos  district  occupies  a  somewhat  central  position  in 
the  area  supposed  to  have  been  covered  by  the  great  Tertiary  lake 
of  the  earlier  geologists.  It  is  at  least  some  ten  or  fifteen  miles 
from  the  eastern  "  shore  line  "  of  that  lake,  and  a  like  distance  from 
the  western  shore ;  while  to  the  north  and  south  the  lake  extended 
iox  much  greater  distances.  The  small  group  of  the  Cerrillos 
Hills  could  not  have  materially  affected  the  deposits  of  that  central 
area,  as  they  would  have  been  buried  beneath  the  waters  of  the 
iake,  the  deposits  occurring  elsewhere  a  number  of  feet  higher 
than  the  highest  of  the  Cerrillos  peaks.  Any  other  hypothesis 
would  necessitate  an  extensive  subsidence  since  the  deposition  of 
the  marls,  or  varying  conditions  of  depth,  of  which  there  is  no 
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evidence.  In  any  case,  a  land  area  of  such  limited  extent  could 
not  affect  the  deposits  over  so  great  an  area  as  the  phenomena  to 
be  recorded  were  noted. 

Hence,  in  summing  up  the  criteria  upon  which  we  may  base 
our  judgment  concerning  the  origin  of  the  Santa  Fe  Marls  of  this 
region,  we  need  only  consider  the  conditions  that  should  prevail 
near  the  central  portion  of  such  a  lake.  Briefly,  then,  if  these 
marls  are  of  lacustrine  origin  they  should  exhibit : 

1.  No  great  variations  in  texture  and  composition  in  vertical 
section. 

2.  No  beds  of  conglomerate. 

3.  No  marked  and  sudden  variations  in  respect  to  the  thickness 
and  areal  extent  of  the  component  beds. 

4.  Few  unconformities  of  erosion. 

5.  No  extensive  cross-bedding  at  high  angles. 

6.  A  lacustrine  rather  than  a  land  fauna  or  flora. 

If,  on  the  other  hand,  these  marls  are  of  alluvial  origin,  they 
may  exhibit  any  or  all  of  the  above  phenomena. 

A  detailed  study  of  the  numerous  exposures  of  the  Santa  F6 
Marls  in  the  Cerrillos  region  developed  the  following  facts : 

1.  The  Santa  Ft  Marls  vary  greatly  in  texture  and  composition  in 
vertical  section.  Lying  horizontally  upon  the  leveled  edges  of 
the  upturned  Cretaceous  strata  we  most  frequently  find  a  bed  of 
peculiar  conglomerate  or  breccia  as  the  basal  member  of  the  Marl 
group.  Above  it  is  frequently  found  a  greater  or  less  thickness  of 
very  fine,  soft  marls,  with  bands  of  fine-grained  sandstones,  and 
coarser  layers  of  pebbles  and  boulders.  All  of  these  variations 
may  be  seen  in  the  same  vertical  section,  beds  of  fairly  coarse 
gravel  sometimes  capping  the  finest  marls,  and  in  turn  being 
capped  by  these  same  fine  marls  or  sands ;  while  good-sized 
pebbles  not  infrequently  are  noted  in  all  the  layers. 

2.  These  Marls  contain  beds  of  conglomerate.  As  just  stated,  the 
basal  member  of  the  Marl  group  in  this  district  is  usually  a  con- 
glomerate of  subangular  pebbles,  cemented  by  a  calcareous  cement. 
In  a  few  places  the  conglomerate  is  lacking,  while  in  others  a  simi- 
lar bed  appears  higher  in  the  series. 

3.  These  Marls  shozu  marked  and  sudden  variations  in  respect  to  the 
thickness  and  arcal  extcfit  of  the  component  beds.  The  peculiar  con- 
glomerate so  frequently  seen  as  the  basal  member  of  these  Marls 
is   only  2  or  3  feet  thick  at  the   exposures  east  of  Cerrillos ;    a 
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quarter  of  a  mile  north  it  is  lacking  entirely,  fine  marls  resting 
directly  on  the  upturned  Cretaceous  beds ;  a  few  hundred  yards 
northeast  of  the  last  point  it  reaches  a  thickness  of  20  feet,  while  a 
half  mile  west  a  thickness  of  30  feet  is  attained.  In  other  localities 
a  variation  of  from  3  to  30  feet  was  noted.  The  same  variation 
was  noted  in  the  finer  marls  and  sands.  A  stratum  of  pinkish 
marl  a  foot  thick  not  infrequently  thins  out  and  disappears  entirely 
in  a  few  hundred  feet,  while  a  sand-stone  of  the  finest  texture  may 
grade  into  a  fairly  course  pudding-stone.  If  detailed  sections  were 
made  at  every  exposure  in  the  district,  probably  no  two  such  sec- 
tions would  correspond,  except  in  a  very  general  way,  so  great  are 


Fig.  3.     Diagram  Showing  Cross- bedding  and  Unconformities  in  Santa  F6  Marls. 


the  variations  exhibited.  Comparatively  small  exposures,  seen 
from  a  distance,  appear  beautifully  and  perfectly  stratified.  When 
examined  more  carefully,  or  when  the  attempt  is  made  to  trace  a 
given  layer  any  great  distance,  the  true  condition  is  soon  made 
apparent. 

4.  Tfte  Marl  beds  sftow  inyiumerable  unconformities  of  erosion 
throughout  When  carefully  examined,  those  exposures  which  ap- 
pear the  most  evenly  stratified  show  numerous  and  excellent  ex- 
amples of  erosion  unconformities.  The  accompanying  diagram 
(Fig.  3)  reproduces  the  conditions  noted  in  a  few  square  feet  of  the 
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face  of  the  exposure  at^  the  eastern  end  of  San  Marcos  Arroyo, 
shown  in  Fig.  2. 

It  will  be  seen  that  deposition  was  followed  by  erosion,  then  by 
deposition  again,  this  process  being  repeated  indefinitely.  When 
erosion  was  progressing,  large  pebbles  were  rolled  along  the  little 
channels,  some  of  which  were  left  to  be  covered  by  the  fine  marl 
or  sand  when  deposition  again  took  place.  In  this  way  pockets  of 
large  gravel  are  found  in  little  hollows  cut  out  of  and  covered  over 
by  the  finest  of  sediments.  The  small  (as  well  as  large)  scale  upon 
which  these  unconformities  are  developed,  and  their  great  number, 
shows  that  the  time  element  was  not  so  important  a  factor  as  the 
conditions  under  which  the  beds  were  formed. 

5 .  T/iese  Marls  sJiow  an  extensive  development  of  cross-bedding  at 
high  angles.  The  foregoing  diagram  (Fig,  3)  also  shows  the  cross- 
bedding  noticed  in  a  small  portion  of  the  exposure  in  San  Marcos 
Arroyo.  This  cross-bedding,  from  the  lowest  to  the  highest 
angles  (up  to  35  or  40  degrees),  is  characteristic  of  the  deposits 
at  numerous  localities  in  the  Cerrillos  district. 

6.  Ihe  fauna  of  these  Marls ^  as  found  elsewhere^  is  essentially  a 
land  fauna.  In  the  Cerrillos  district  itself  no  fossils  were  found  in 
these  beds,  but  Cope  describes  a  land  fauna  from  several  places  in 
the  same  deposits.  He  himself  comments  on  the  utter  absence  of 
fish  or  crocodile  remains,  and  mentions  what  may  be  the  remains 
of  roots  of  plants,  occurring  in  a  vertical  position. 

It  is  also  to  be  noted  that  all  the  evidences  of  a  lake  shore-line 
were  entirely  absent. 

The  above  facts  seem  conclusive.  It  is  evident  that  the  Santa 
Fe  Marls  cannot  be  of  lacustrine  origin,  but  must  be  the  result  of 
subaerial  deposition.  This  conclusion  is  necessitated  not  alone  by 
a  detailed  study  of  the  beds  themselves,  but  also  by  a  general  sur- 
vey of  the  physiography  of  the  region  as  a  whole.  One  of  the 
most  striking  features  of  the  country  is  the  beautiful  development 
of  the  alluvial  fans,  the  materials  of  which  are  these  Marls.  In 
every  direction  from  each  mountain  range  there  spreads  out  at  a 
low  and  uniform  angle,  a  gently  inclined  plain,  the  low  angle  grad- 
ually decreasing  the  farther  away  from  the  range  one  goes.  This 
plain  inclines  away  from  the  range  at  an  angle  of  from  5°  to  (P 
at  the  mountains'  base,  and  is  seen  to  be  composed  of  laterally 
confluent  alluvial  fans,  each  fan  heading  at  the  mouth  of  a  moun- 
tain canon.     Some  of  these  fans,  spreading  out  from  the  largest 
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canons  of  the  larger  ranges,  are  seen  to  be  at  least  ten  miles  in 

breadth,  by  fifteen  miles  or  more  from  canon  mouth  to  outer  base 

of  the  fan.     As  a  rule,  however,  the  individualities  of  the  various 

fans  are  soon  lost,  the  whole  merging  to  form  a  broad,  sloping 

plain. 

At  the  present  time  these  alluvial  fans  are  being  dissected  by 

numerous  streams  and  arroyos.     This  dissection,  however,  is  not 

well  advanced,  and  the  portions  of  the  fans  nearer  the  mountains 

remain  intact,  only  being  cut  by  the  narrow  channels  of  young 

streams.     In  some  places,  indeed,  it  would  seem  that  aggrading  of 

the  fan  has  not  yet  entirely  ceased,  while  in  others,  where  erosion 

has  begun  to  remove  the  fan,  it  is  evident  that  the  aggradation 

ceased  quite  recently,  and  we  find  Recent  fossils  in   the  upper 

layers.    In  fact,  when  seen  from  a  distance,  the  fans  seem  so  perfect 

that  it  is  hard  to  realize  they  are  not  all  being  built  up  before  one's 

eyes.     The  delicate  adjustment  of  the  slopes,  and  the  uniform 

level  of  those  slopes  for  miles  in  all  directions  from  a  mountain 

range,  certainly  indicate  a  condition  but  recently  reached,  and  not 

greatly  affected  since. 

Age. 

Concerning  the  age  of  the  Santa  F6  Marls  the  Cerrillos  district 
offers  little  evidence.  No  fossils  were  found  at  this  locality,  and 
we  are  forced  to  rely  on  data  gathered  elsewhere.  A  resume  of 
the  available  evidence  is  given  below. 

Dr.  Hayden,  in  speaking  of  these  Marls,  said  :  *  "To  this  group 
I  have  given  the  name  of  Santa  F6  marls ;  and  they  are  doubtless 
of  the  age  of  upper  Tertiary,  and  synchronous  with  the  upper  beds 
of  the  White  River  group  as  seen  along  the  North  and  South 
Forks  of  the  Platte  and  near  Cheyenne.  *  *  *  I  have  as  yet  ob- 
tained no  well-defined  fossils  from  either  the  Santa  ¥6  or  Arkan- 
sas marls ;  yet  bones  of  some  large  animal,  probably  mastodon  or 
elephant,  have  been  found  in  them." 

According  to  Professor  Cope,t  Hon.  William  F.  M.  Arny,  an 
early  governor  of  New  Mexico,  was  the  first  to  secure  vertebrate 
remains  from  these  Marls.  "  He  obtained  from  the  regions  north- 
west of  Santa  Fe,  the  fragments  of  a  lower  jaw  of  a  Mastodon 
productus  Cope." 

The  next  observations  of  vertebrate  fossils  were  made  by  the 

•Prelim.  Field  Rep.  U.  S.  Geol.  Surv.  of  Col.  and  New  Mex.,  1869,  p.  90. 
tU.  S.  Geog.  Surv.  West  of  looth  Mer.,  Vol.  IV.,  Pt.  II.,  p.  24. 
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members  of  the  Wheeler  Survey  of  1873.  Francis  Ktett  and  Dr. 
O.  Loew  obtained  a  number  of  specimens  from  near  San  Ildefonso.* 

In  1874  Professor  Cope  visited  this  region,  and  from  the  locality 
near  San  Ildefonso  secured  thirty-one  species  of  vertebrates.  In 
discussing  "  The  Loup  Fork  Beds  of  the  Valley  of  the  Rio 
Grande,"  t  (the  Santa  F6  Marls),  Professor  Cope  describes  the  beds 
near  San  Ildefonso,  some  25  or  30  miles  north  of  Cerrillos,  as 
being  *'  alternately  softer  and  harder  calcareous  sandstones  and 
conglomerates,  varying  from  white  to  greenish  gray  and  light 
rufous";  and  then  continues:  "They  dip  generally  10*^  to  15^ 
toward  the  east,  and  away  from  the  basaltic  mass  of  the  Jemez 
(Cochiti)  range.  They  contain  the  remains  of  extinct  Vertebtata, 
mostly  Mainmcdiay  which  have  enabled  me  to  correlate  them  with 
the  Loup  Fork  Tertiary  of  Colorado  and  Dakota.  The  species 
discovered  by  our  party  number  thirty-two,  of  which  twenty-six 
are  Mammals,  three  Birds  and  two  Reptiles."  In  his  paper  en- 
titled "  Notes  on  the  Santa  Fe  Marls  and  Some  of  the  Contained 
Vetebrate  Fossils  "  \  Professor  Cope  speaks  of  the  presence  in 
these  beds  of  **  the  genera  Hippotherium,  Protohippus,  Procamelus, 
Cosoryx,  MerychyuSy  and  known  Pliocene  species  of  other  genera, 
among  which  may  be  mentioned  Cants ^  Aceratherium,  etc."  A 
number  of  new  species  were  also  established,  and  descriptions  ap- 
pended. 

While  on  this  same  expedition  Professor  Cope  visited  the  north- 
ern end  of  the  Sandia  Mountains,  and  examined  the  marls  or 
clays,  some  40  feet  in  thickness,  which  occupy  the  intervals  be- 
tween low  hills  of  **  Cretaceous  No.  3,"  near  the  village  of  Placitas. 
He  says:§"  I  obtained  teeth  and  other  bones  of  Elepiias ptintt- 
ge?tius  subspecies  columbi  from  this  bed,  and  found  bones  of  Ele- 
phants in  place  in  the  banks  of  the  arroyo.  Shells  of  Planorbis, 
Physa,  etc.,  indicte  the  lacustrine  character  of  the  deposit  which  I 
have  called  the  Placita  marls."  On  the  basis  of  the  above  fauna 
Professor  Cope  refers  these  beds  to  the  post-Pliocene  epoch.  As 
will  appear  below,  I  am  convinced  of  their  identity  with  a  part  of 
the  Santa  F6  Marls. 

An  extinct  vulturine  bird  ||  was  reported  from  these  Marls  near 

*  Loc,  cit. 
■\  Ibid,,  pp.  20-25. 

XProc.  Phil.  Acad.  Nat.  Sci.y  1874,  pp.  I47-152,  pis.  IX-XI. 
g  U.  S.  Geog.  Surv.  West  of  looth  Mer.,  Vol.  VI.,  Pt.  II.,  p.  25. 
Proc.  Phil.  Acad.  Nat.  Set.,  1875,  p.  271. 
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Santa  Fe,  and  described  as  Cathartes  timbrosus  Cope.  Further  ex- 
amination showed  it  to  belong  to  the  .vulturine  division  of  Falco- 
nidae,  and  the  name  was  changed  to  Vultur  umbrosus. 

From  near  Santa  Cruz  Professor  Cope  reports  *  the  bones  of 
Mastodon  and  Aceratherium  jemezanum  Cope,  in  beds  referred  to 
the  Santa  Yh  Marls. 

Professor  Stevenson  reports  no  fossils  from  the  Cerrillos  region, 
but  says,t  regarding  the  age  of  his  so-called  Galisteo  group,  which 
we  have  seen  to  be  identical  with  the  Santa  F6  Marls :  **  Whether 
the  Galisteo  group  belongs  to  the  Miocene  or  the  early  Pliocene 
could  not  be  determined.  *  *  *  It  cannot  be  older  than  early  Mio- 
cene or  newer  than  early  Pliocene."  Regarding  the  upper  part  of 
these  Marls,  which  part  alone  he  calls  Santa  F6  Marls,  Professor 
Stevenson  merely  states  that  *•  Professor  Cope  has  determined  that 
the  Santa  F6  Marls  belong  to  the  Loup  River  epoch  of  the  Plio- 
cene." 

Within  the  last  year  or  two  Dr.  W.  G.  Tight,  of  the  University 
of  New  Mexico,  has  found  the  skeleton  of  an  elk  and  some  fresh- 
water shells  near  the  southern  end  of  the  Sandia  Mountains,  in 
beds  which  he  considers  identical  with  those  in  the  Cerrillos  district. 

In  summing  up  the  evidence  we  cannot  doubt  the  Loup  Fork 
age  of  a  part  of  these  beds,  at  least.  Even  if  we  were  to  assume 
that  the  beds  at  San  Ildefonso  were  not  identical  with  the  true 
Santa  F6  Marls,  the  remains  of  Mastodon  productus  and  Vultur  um- 
brosus^ from  the  typical  locality  of  these  Marls,  would  be  sufficient 
proof  of  their  Loup  Fork  age.  At  the  same  time  I  do  not  believe 
anyone  who  visits  the  several  localities  can  doubt  for  a  moment 
but  that  the  Placitas  marls  at  the  north  end  of  the  Sandia  Moun- 
tains, and  the  deposits  studied  by  Dr.  Tight  at  the  south  end  of  the 
same  range,  are  parts  of  great  alluvial  fans  closely  identical  with 
those  forming  the  Santa  F6  Marls  further  north  and  east.  Nor  do 
I  believe  they  could  doubt  the  recent  age  of  a  portion,  at  least,  of 
these  Marls  as  shown  in  the  typical  locality.  But  the  Placitas 
marls  contain  a  post-Pliocene  fauna,  while  Dr.  Tight  finds  an  elk 
in  the  beds  at  the  southern  end  of  the  Sandias. 

There  is  only  one  explanation,  and  that  a  very  reasonable  one, 
that  will  account  for  the  above  conditions.  We  may  well  believe 
that  these  great  alluvial  fans  were  forming   in  the  Loup  Fork 

*  U.  S.  Geog.  Surv.  West  of  looih  Mcr.,  Vol.  IV.,  Pt.  II.,  p.  23. 
fU.  S.  Geog.  Surv.  West  of  looth  Men,  Vol.  III.,  Supplement,  p.  162. 
VOL.  XXIV. — 33. 
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epoch,  and  so  entombed  the  remains  of  the  fauna  that  roamed 
over  them  at  that  time.  These  fans,  with  possibly  more  or  less 
interruption,  have  continued  to  form  until  recent  time.  In  the 
more  recent  portions  of  these  deposits  were  entombed  the  remains 
of  post-Pliocene  faunas.  It  is  possible  that  these  fans  may  have 
been  greatly  eroded  at  times,  and  subsequently  built  up  again, 
due  to  varying  geologic  conditions.  If  such  were  the  case,  it 
would  be  well-nigh  impossible  to  detect  it  in  beds  of  this  nature, 
where  erosion  unconformities  and  frequent  alternations  of  beds  of 
varying  texture  and  composition  are  frequent  even  where  deposi- 
tion is  practically  continuous. 

So  while  the  Santa  F6  Marls  represent  a  period  extending  from 
the  Loup  Fork  epoch  to  the  present  time,  I  do  not  believe  it 
possible  to  subdivide  the  beds,  or  to  recognize  the  different  stages 
represented,  except  where  fossils  are  immediately  present. 

Although  these  fans  are  now  being  dissected  in  places,  and 
rivers  and  arroyos  have  cut  out  narrow  valleys  in  them,  I  have 
seen  local  instances  of  aggradation  on  their  surfaces.  Bones  of 
cattle  and  horses  have  become  partially  buried  by  the  fine  silt 
that  may  be  seen  washing  out  over  the  inclined  plane  during 
any  heavy  shower,  thus  giving  a  demonstration  of  the  processes 
that  were  at  work  when  the  bones  of  the  Mastodon  were  being 
entombed  in  Tertiary  times. 

The  Gausteo  Sand  Group. 
Laramie  {t\ 

Along  the  eastern  border  of  the  Cerrillos  district  the  Galisteo 
Creek  and  its  tributary  arroyos  have  removed  the  Santa  F^  Marls, 
revealing  a  series  of  easterly  dipping  red  sandstones  which  Hay- 
den  has  named  the  Galisteo  Group.  The  beds  of  this  series  are 
mainly  deep  brick  red  or  purplish- red  sands,  sandstones  and  marly 
sand,  with  occasional  bands  of  a  yellow  or  white  color.  So  far  as 
known  this  group  contains  no  fossils  except  the  silicified  trunks 
of  trees.  These  occur  in  great  numbers  at  a  point  a  few  miles  east 
of  Cerrillos,  and  give  the  locality  its  name,  the  "  petrified  forest." 
As  a  rule  the  tree  trunks  are  found  weathered  out  in  large  pieces, 
but  a  number  were  seen  lying  horizontally  imbedded  in  the  sands. 

The  close  resemblance  of  these  beds  to  those  of  the  "  Red  Beds  " 
proper,  of  Jura-Triassic  or  Permian  age,  has  led  to  no  little  con- 
fusion, as  will  be  apparent  on  reading  the  literature  summarized 
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below.  The  marked  contrast  between  these  beds  and  the  yellow 
sandstones  immediately  below,  has  led  me  to  adopt  the  contact 
between  the  two  as  the  division  line  between  the  Galisteo  Group 
of  Hayden  and  the  series  for  which  I  propose  the  name  Madrid 
Group.  In  thus  placing  the  lower  limit  of  the  Galisteo  Group  at 
the  base  of  the  red  sandstone  series  I  believe  I  am  following 
exactly  the  limit  implied,  though  not  directly  stated,  by  Hayden. 
As  noted  near  the  close  of  this  section,  there  is  an  additional  argu- 
ment for  this  location  of  the  limit  in  the  evidence  of  a  marked 
change  at  this  point  in  the  physical  conditions  attending  deposi- 
tion. 

A  r6sum6  of  the  literature  bearing  on  the  Galisteo  Group,  together 
with  the  conclusions  of  the  various  writers,  is  given  below. 

In  July,  1846,  Dr.  Wislizenus  visited  the  gold  region  south  of 
the  Galisteo,  crossed  the  creek  near  Cerrillos,  and  wrote  * :  **  As- 
cending afterwards  to  the  hills,  I  met  everywhere  with  a  red  and 
brown  sandstone,  looser  or  more  compact,  and  with  large  mas3es 
of  petrified  wood." 

In  September  of  the  same  year  Lieutenant  Abert  made  a  trip 
from  Santa  F^  to  the  gold  mines  in  the  Ortiz  Mountains.  In  de- 
scribing the  journey,  he  says :  t  "  Toward  the  latter  part  of  the  day 
we  entered  a  very  sandy  country ;  here  lay  huge  masses  of  sand- 
stone and  fragments  of  immense  petrified  trees." 

In  both  of  the  above  cases  I  have  little  doubt  but  that  the  "  pet- 
rified forest "  in  the  Galisteo  Group  is  referred  to. 

In  the  fall  of  1853  Jules  Marcou  visited  the  Cerrillos  region,  and 
referred  the  Cretaceous  rocks  farther  east  to  the  Jurassic  and 
Triassic.  It  does  not  appear  from  his  notes,J  however,  that  he 
studied  the  Galisteo  Group  proper,  as  has  been  thought  by  some. 

On  his  second  visit  to  this  region,  in  1859,  Professor  Newberry 
noted  that  the  rocks  exposed  in  the  valley  of  the  Galisteo  con- 
sisted of  portions  of  the  Triassic,  Cretaceous  and  Tertiary,  and 
said  that  the  Triassic  rocks  contained  great  numbers  of  silicified 
trunks  of  coniferous  trees.§ 


^  Senate  Miscellaneous  Document  No.  26,  30th  Congress,  1st  Session,  p.  29. 

t  Senate  Executive  Document  No.  23,  30th  Congress,  1st  Session,  pp.  32-33. 

t  Expl.  and  Surv.  for  a  R.  R.  route  from  Miss.  Riv.  to  Pac.  Ocean,  Vol.  III.,  Pt. 
IV.,  No.  2,  pp.  140-141. 

J  Rep.  of  the  Expl.  Exped.  from  Santa  F6,  N.  M.,  to  the  June,  of  Grand  and 
Green  Riv.,  1859,  Geol.  Rep.,  pp.  38-42. 
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In  1867  Dr.  Le  Conte  visited  the  region  and  in  his  report* 
mentions  ** probable  Trias"  near  Galisteo  Creek  containing  great 
quantities  of  silicified  wood. 

In  1869  Dr.  Hayden  made  a  trip  from  Santa  F6  to  the  Ortiz 
Mountains,  at  which  time  he  described  and  named  the  Galisteo 
Group.  He  says :  t  "As  we  descend  the  hill  into  the  valley  of  the 
Galisteo  Creek,  we  have  a  wonderful  exhibition  of  the  variegated 
sands  and  sandstones,  which  at  first  appear  like  the  upper  series 
of  red  beds  on  the  east  side  of  the  mountains,  but  which  I  at  once 
suspected  were  new  to  me  in  this  region.  *  *  * 

"  Passing  up  the  Galisteo,  eastward,  we  observed  the  variegated 
sands  and  sandstones,  rising  above  the  coal  strata,  and  concealing 
them  on  the  northeast  and  east  flanks  of  the  Placi^re  Mountain, 
inclining  at  all  angles  from  five  degrees  to  fifty  degrees.  These 
sandstones  are  of  varied  texture,  from  a  fine  aggregate  of  quartz 
particles  to  a  rather  coarse  pudding-stone.  In  some  of  the  beds 
there  are  irregular  layers,  of  a  dull,  rusty  brown,  concretionary 
arenaceous  limestone,  in  which  I  searched  in  vain  for  fossils.  One 
of  the  most  peculiar  features  of  these  beds,  and  one  which  I  have 
never  seen  in  any  group  before,  is  the  great  variety  of  colors,  from 
a  light  reddish  tint  to  a  deep  brick  red,  sometimes  dull  purplish 
light,  and  very  deep  yellow,  white,  brown,  drab,  etc.  The  only 
fossils  I  could  find  were  enormous  silicified  trunks  of  trees.  *  *  * 
I  have  named  these  beds  the  Galisteo  sand  group,  as  they  are 
confined,  so  far  as  I  know  at  present,  to  the  valley  of  the  Galisteo, 
although  they  pass  under  the  Santa  F6  marls,  and  the  northern 
limit  is  concealed  from  view." 

Dr.  Hayden  clearly  states  his  idea  of  the  age  of  this  group,  as 
well  as  its  relations  to  the  underlying  and  overlying  rocks,  in  the 
following  words:  *' We  have,  therefore,  in  the  valley  of  the  Rio 
Grande,  if  my  investigations  are  correct,  three  groups  of  tertiary 
beds  of  diflferent  ages,  (i)  The  coal  strata,  with  abundant  impres- 
sions of  deciduous  leaves,  lying  above  well-marked  Cretaceous 
beds.  (2)  The  Galisteo  sand  group,  which  plainly  overlies  the 
coal  strata,  but  inclines  equally  with  and  conforms  to  them.  (3) 
The  Santa  F6  marls,  which  are  of  much  later  date  than  either  of 
the  other  two,  and  rest  unconformably  upon  the  Galisteo  group, 
and  never  incline  more  than  five  or  ten  degrees." 

*  Notes  on  Geol.  of  Surv.  for  the  Extension  of  Union  Pac.  R.  R.,  Phila.,  l868» 
pp.  36-41. 

t  Prelim.  Field  Rep.  U.  S.  Geol.  Surv.  of  Col.  and  New  Mex.,  1869,  pp.  66-68. 
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In  1874  Dr.  Loew  visited  this  district  and  in  his  report  stated  * 
that  "  between  the  Placer  Mountains  and  Santa  F6  we  cross  several 
valleys  of  erosion,  in  which  the  Triassic  beds  with  their  charac- 
teristic fossil  wood  are  well  exposed." 

In  the  same  year  Professor  Cope  visited  the  region,  and  accord- 
ing to  his  statement,  studied  the  Galisteo  Group,  both  in  the  valley 
of  the  Galisteo  and  on  the  eastern  flank  of  the  Sandia  Mountains. 
He  says :  f  *•  The  age  of  the  Galisteo  sandstone  is  a  point  not  satis- 
factorily decided.  So  far  as  their  position  on  the  flanks  of  the 
Sandia  Mountains  indicates,  they  may  belong  anywhere  from 
Cretaceous  No.  3  to  the  Coal  Measures.  That  they  are  not  of 
Tertiary  age,  as  has  been  supposed  by  some,  is  clear.  Dr.  Hayden's 
observations  lead  to  the  conclusion  that  they  are  not  older  than 
the  Cretaceous,  since  he  states  that  they  overlie  the  coal  of  Placer 
Mountain,  which  itself  is  superior  in  position  to  undoubted  Cre- 
taceous beds.  If  these  positions  be  correct,  this  group  constitutes 
a  special  member  of  the  Cretaceous  formations."  A  careful  study  of 
Professor  Cope's  description  of  the  beds,  %  and  of  the  position  of  his 
route  through  this  region,  has  convinced  me  that  the  beds  visited, 
and  described  by  him  in  the  Galisteo  valley  were  the  "Red  Beds  " 
proper,  of  Permian  of  Jura- Triassic  age,  exposed  at  the  base  of  the 
Galisteo  monocline,  several  miles  west  of  the  exposures  of  the 
Galisteo  Group.  The  fact  that  he  did  not  see  the  coal  is  further 
proof  of  the  error.  There  is  no  evidence  to  show  that  he  ever  saw 
the  Galisteo  Group  itself.  The  beds  seen  by  him  on  the  flank  of 
the  Sandias  are  doubtless  the  same  as  those  he  mistook  for  the 
Galisteo  Group,  and  lie  below  the  Cretaceous  and  immediately 
upon  Upper  Carboniferous  limestone.  The  lithologic  similarity  of 
the  Red  Beds  proper  and  the  red  sandstones  of  the  Galisteo  Group, 
together  with  the  fact  that  their  strike  and  dip,  and  relations  to 
the  overlying  Santa  Fe  Marls  are  all  identical,  probably  led  to  the 
error. 

In  187s  Professor  Stevenson,  in  commenting  on  Dr.  Hayden's 
description  of  these  beds,  said  :§  *'A  careful  comparison  of  this 
section  as  given  by  Dr.  Hayden,  with  the  details  of  the  geology 
along  Dr.  Newberry's  route  from  Santa  F6  westward,  as  given  ,in 


*Rep.  of  Chief  of  Engineers,  1875,  Pt.  II.,  p.  1028. 

\Ibid.,  p.  997. 

X  Ibid. ,  p.  996. 

I  Proc.  Am.  Phil.  Soc.y  Vol.  14,  1 875,  p.  46a. 
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Ives'  report,  will,  I  think,  satisfy  everybody  that  Dr.  Hayden  has 
by  some  oversight  inveited  the  order,  and  that  the  Galisteo  group 
underlies  the  coal  group.  The  Galisteo  group  is  unquestionably 
the  Triassic,  as  abundantly  appears  from  the  descriptions  of  that 
system  in  New  Mexico,  by  Newberry  and  Le  Conte." 

Later  in  the  same  year  Professor  Cope  quoted  the  above  criti- 
cism of  Stevenson's  and  replied  *  to  it  by  saying  that  his  own 
study  of  the  region  convinced  him  that  the  Galisteo  Group  rested 
upon  the  coal  group,  as  stated  by  Dr.  Hayden.  The  resemblance 
of  this  group  to  the  Triassic  he  regarded  as  accidental.  As  we 
have  just  seen,  however.  Professor  Cope  did  not  have  the  true 
Galisteo  Group  in  mind. 

In  1878  Professor  Stevenson  visited  the  region,  and  gave  an 
extensive  account  of  the  geology  in  his  report  t  to  Lieut.  G  M. 
Wheeler.  In  this  report  he  considers  the  Galisteo  Group  of  Hay- 
den :]:  to  be  a  part  of  the  Laramie  or  coal  formation,  and  recognizes 
its  true  position  above  the  coal.§ 

In  1898  Dr.  Herrick  published  a  brief  account  of  the  geology  of 
the  Cerrillos  district  ||  in  which  he  referred  to  Cretaceous  sandstones 
east  of  the  town  of  Cerrillos  containing  abundant  silicified  trunks 
of  trees.  That  he  later  considered  these  beds  of  Jura-Triassic  age 
appears  in  a  paper  on  the  "  Geological  Associations  in  New  Mexico 
Mining  Camps/'T  in  which  he  attributes  the  origin  of  the  turquoise 
to  metamorphism  of  these  red  sandstones  by  the  intruded  lava.  In 
a  note  to  the  writer,  he  refers  other  inclusions  of  red  sandstones, 
seen  further  east,  to  the  Jura-Triassic.  All  inclusions  of  red  sand- 
stone in  that  locality  belong  to  the  Galisteo  Group. 

When  I  began  my  study  of  this  series  I  was  impressed  with  the 
close  lithologic  resemblance  of  these  beds  to  those  of  the  Red  Beds 
proper,  and  noting  several  faults  parallel  to  the  strike  in  these  beds 
themselves,  was  led  to  adopt  the  idea  of  such  a  fault  between  the 


*  Proc.  Phila.  Acad,  Sci,y  1 875,  p.  360. 

fU.  S.  Geog.  Surv.  West  of  1 00th  Mer.,  Vol.  III.,  Supplement,  1881. 

\  In  this  connection  it  must  be  borne  in  mind  that  the  extensive  description  of  **  The 
Galisteo  Group"  given  in  Professor  Stevenson's  report  does  not  apply  to  the  true 
Galisteo  Group  of  Hayden,  but  to  the  Santa  F6  Marls  of  that  author.  Professor 
Stevenson  considered  the  true  CJalisteo  Group  under  the  head  of  his  **  Laramie." 

\Ibid.y  pp.  159,  160,  etc. 

II  Bull,  Univ.  xVeiu  Mexico^  Vol.  I.,  pp.  109-II4. 

![Rep.  of  the  Governor  of  N.  Mex.  to  the  Secretary  of  the  Interior,  for  1900,  pp. 
257-260. 
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red  sandstones  and  the  light  yellow  series  just  west  as  a  working 
hypothesis,  thus  regarding  this  red  series  as  a  faulted-up  portion 
of  the  Jura-Trias  or  Permian.  A  very  careful  study  of  several 
good  exposures  of  the  contact  of  these  two  series  failed  to  reveal 
any  evidence  of  a  fault.  The  occurrence,  in  the  valley  east  of  Cer- 
rillos,  of  the  red  sandstones  standing  vertical,  and  at  the  same  time 
parallel  to  the  yellow  sandstones  of  the  coal  or  Madrid  Group, 
showed  that  the  theory  of  a  fault  must  be  abandoned. 

Thinking  the  fossil  tree  trunks  might  throw  some  light  on  the 
question,  I  submitted  thin  sections  to  Mr.  Frank  H.  Knowlton. 
He  found  that  they  indicated  a  tree  unknown  in  the  Red  Beds 

/^adriA    Gr»iif. C«li»t«*  C-rfy. _^ 


Fig.  4.  Section  east  of  Cerrillos ;  i,  Santa  F^  Marls ;  2,  sandstones ;  2a ^  red 
sands  of  Galisteo  Group;  3,  intrusive  andesite  (laccolith);  4,  concealed;  6, 
carbonaceous  shales. 

proper,  but  of  evident  Upper  Cretaceous  or  later  affinities.  In  a 
letter  to  me  on  the  subject,  he  said:  "The  wood  is  a  dicotyledon, 
and  while  it  has  been  somewhat  distorted  by  fossilization,  it  appears 
to  be  a  species  of  Quercus.  In  any  event  it  shows  i  highly  organ- 
ized dicotyledonous  tree,  wholly  unlike  anything  known  from  the 
Jura-Trias,  and  might  well  belong  to  the  Upper  Cretaceous  or 
later." 

Both  stratigraphic  and  palaeontologic  evidence  thus  proving  the 
more  recent  age  of  these  beds,  it  is  possible  to  arrive  at  a  fairly 
accurate  idea  concerning  their  relations.  The  coal  seams  at  Mad- 
rid are  but  a  few  feet  above  undoubted  Upper  Fort  Pierre  beds. 
As  we  shall  see,  both  the  stratigraphic  position  and  the  fossil 
leaves  indicate  the  Fox  Hills  age  of  the  coal.  Conformable  upon 
the  coal  are  over  a  thousand  feet  of  massive  yellow  sands,  whose 
upper  member  is  a  25-foot  band  of  very  white  sandstone.  As  will 
be  seen  elsewhere,  I  include  this  series  with  the  coal  beds,  and 
give  the  name  Madrid  Group  to  the  whole,  considering  this  group 
to  be  of  Fox  Hills  age. 

Immediately  above  the  white  sandstone  band  at  the  top  of  the 
Madrid  group,  the  deep  red  sands  of  the  Galisteo  Group  are  found. 
The  contrast  with  the  underlying  Madrid  Group  is  very  marked. 
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Evidently  a  marked  change  in  the  physical  conditions  attended 
the  inauguration  of  this  new  series.  It  may  be  that  this  change 
was  in  some  way  connected  with  the  coming  in  of  the  Laramie 
epoch,  and  that  the  Galisteo  Group  is  of  Laramie  age. 

The  upper  limit  of  these  beds  was  not  seen,  but  it  may  well  be 
doubted  if  anything  higher  than  Laramie  is  represented.  Previous 
to  the  accumulation  of  the  Loup  Fork  deposits  of  the  Santa  F6 
Marls  there  was  a  vast  period  during  which  the  region  was  elevated 
and  worn  down  to  a  peneplain,  reelevated.  and  again  subjected  to 
erosion.  It  is  not  unreasonable  to  suppose  that  this  erosion  period 
dated  back  to  or  near  the  close  of  Laramie  time,  the  great  up- 
heaval which  tilted  and  elevated  these  beds  being  the  same  which 
inaugurated  Tertiary  conditions.  This  uplift  resulted  in  much 
faulting  of  the  beds,  so  that  it  was  impossible  to  arrive  at  any  sat- 
isfactory opinion  regarding  their  thickness.  Along  .several  of  these 
great  strike  faults  the  beds  on  the  down- faulted  side  are  turned  up 
until  they  stand  vertical,  giving  beautiful  illustrations  of  this  com- 
mon result  of  such  displacements.  There  are  at  least  between 
1,500  and  2,000  feet  of  these  deposits,  while  the  thickness  may 
possibly  be  greater. 

That  we  have  typical  "Red  Beds*'  of  late  Cretaceous  or  La- 
ramie age  is  clearly  shown,  and  the  danger  of  placing  too  much 
dependence  upon  lithologic  similarity  again  illustrated.  That  this 
point  needs  to  be  emphasized  especially  in  connection  with  the 
•*  Red  Beds"  of  the  West  is  soon  apparent  on  reading  the  geologi- 
cal literature  of  regions  where  these  beds  are  well  developed.  The 
tendency  to  regard  all  the  Red  Beds  as  belonging  to  the  Jura 
Triassic  or  Permian  is  marked.  It  was  on  this  basis  that  Professor 
Stevenson  regarded  the  Galisteo  group  as  "  unquestionably  Trias- 
sic." In  a  paper  above  referred  to  Dr.  C.  L.  Herrick  says :  "  The 
Jura-Triassic  sandstones  are  widely  distributed  and  are  easily  rec 
ognized  by  the  red  color."  This  same  idea  has  been  shared  by 
others,  and  in  my  own  case  led  to  a  wholly  wrong  assumption  as 
a  working  hypothesis. 

The  Madrid  Coal  Group. 

Fox  Hills, 

The  arroyos  tributary  to  the  Galisteo  on  the  south  side  of  that 
creek  have  removed  the  Santa  Fe  Marls  from  a  considerable  area 
south  of  the  town  of  Cerrillos,  revealing  a  series  of  easterly  dip- 
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ping  yellow  and  white  sandstones,  over 
a  thousand  feet  in  thickness.  The  lower 
300  feet  of  this  series  contain  several 
coal  seams  of  workable  thickness,  to- 
gether with  some  shale  beds.  The  upper 
portion  of  the  series  consists  almost 
wholly  of  massive  yellow  and  white 
sands.  To  this  series  I  propose  to  give 
the  name  '*  Madrid  Group."  The  coal 
seams  outcrop  at  the  town  of  Madrid, 
and  the  region  is  known  as  the  Madrid 
coal  field. 

It  is  difficult  to  arrive  at  an  accurate 
estimate  of  the  thickness  of  these  beds. 
In  the  Madrid  field  several  extensive  and 
numerous  smaller  interstra  sheets  of 
the  intrusive  occur.  The  Madrid  section 
(Fig.  s)  shows  between  200  and  300  feet 
of  the  lower  portion  of  this  Madrid 
Group,  together  with  several  of  these 
int/usive  sheets.  The  upper  portion  of 
this  group  is  best  exposed  on  the  north 
side  of  the  creek,  a  mile  or  two  east  of 
Cerrillos  (Fig.  4).  Here  the  yellow  and 
white  sandstones  are  upturned  by  the 
Cerrillos  intrusion  and  the  Santa  Fe  Marls 
deposited  upon  their  planed  oflT  edges 
(see  plate  G).  There  are  several  faults 
shown  in  the  section,  but  in  one  place 
850  feet  of  the  massive  sands  were  traced 
without  a  break.  A  study  of  the  sec- 
tion will  make  it  apparent  that  even 
when  due  allowance  is  made  for  the 
faults,  a  much  greater  thickness  of  sedi- 
ments is  represented.  It  is  probable  that 
the  whole  of  the  Madrid  Group,  as  in- 
dicated by  the  Madrid  section  and  the 
section  east  of  Cerrillos,  comprises  any- 
where from  1,500  to  2,000  feet  of  strata. 
The  relations  in  the  field  indicated  that 
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the  lowest  bed  in  the  section  east  of  Cerrillos,  of  carbonaceous 
shales,  belonged  somewhere  near  the  upper  part  of  the  Madrid 
section.  It  is  not  probable  that  any  notable  thickness  of  beds  {las 
been  omitted,  nor  that  any  duplication  has  occurred,  in  thus  cor- 
relating the  two  sections. 

The  coal  in  the  lower  portion  of  the  Madrid  Group  has  proven 
of  great  interest  to  geologists,  and  so  many  references  have  been 
made  to  it  in  the  literature  that  it  would  be  almost  impossible  to 
secure  them  all.  It  is  of  interest,  however,  to  note  the  observa- 
tions of  the  earlier  explorers  and  the  conclusions  arrived  at  by 
several  geologists  regarding^  the  age  and  origin  of  the  anthracite 
bed  —  the  upper  workable  seam  in  the  region. 

In  1846  Lieut.  Abert  stated*  that  he  found  evidence  of  coal  on 
one  of  the  tributaries  of  Galisteo  Creek. 

In  1857  Professor  Blake  visited  the  Cerrillos  region  and  published 
"  Observations  on  the  Geology  of  the  Rocky  Mountain  Chain  in 
the  Vicinity  of  Santa  F6,  New  Mexico."  f  He  mentioned  the 
anthracite  coal  of  the  Madrid  field,  and  provisionally  referred  the 
beds  to  the  Carboniferous,  Similar  notes  were  published  else- 
where.J 

During  his  first  visit  to  this  general  region  in  1858,  Pro fejsor 
Newberry  secured  samples  of  the  anthracite  coal  from  Mr.  Mercure 
in  Santa  F6,  but  was  unable  to  visit  the  locality  from  which  they 
came.§  In  1859,  however.  Professor  Newberry  again  visited  the 
region,  and  studied  the  coal  beds  of  the  Madrid  Group.  He  re- 
corded II  the  occurrence  of  lignite  in  Cretaceous  on  both  sides  of 
the  Galisteo  Creek,  and  noted  that  on  the  south  side  of  the  creek 
an  "  outburst  and  overflow  of  trap  "  had  changed  the  lignite  into 
good  anthracite  coal. 

In  1867  Dr.  Le  Conte  studied  the  geology  of  this  region.^f  He 
speaks  of  the  anthracite  bed  in  the  Madrid  Group  as  "  a  coal  bed, 
which  by  the  overflow  of  a  lava  stream,  now  congealed  into  gray 


*  Senate  Executive  Document,  No.  25,  p.  37. 

\  Proc,  A.  A,  A.  5.,  1859,  pp.  314-319. 

X  Proc.  Boston  Soc.  Nat.  Hist.y  1859,  pp.  64-70. 

^  Rep.  upon  Colo.  Riv.  of  the  West,  J.  C.  Rives,  Wash.,  1861 ;  Pt.  III.,  pp. 
98-99. 

II  Rep.  Expl.  Exped.  from  Santa  Fe,  N.  M.,  to  June,  of  Green  and  Grand  Riv., 
1859;  Geol.  Rep.,  pp.  38-42. 

*" Notes  on  Geol.  of  Surv.  for  Extension  of  Union  Pac.  R.  R.,  Phila.,  1868,  pp. 
36-41. 
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prophyry,  has  been  converted  into  a  substance  resembling  anthra- 
cite, but  much  lighter  and  more  brittle  than  the  anthracites  of  the 
older  formations."  Dr.  Le  Conte  then  gives  a  detailed  section  of 
a  portion  of  these  beds,  and  refers  them  to  the  lower  Cretaceous  in 
the  following  words  :  "  From  the  proximity  of  the  marl  series,  the 
absence  of  all  characteristic  upper  and  middle  Cretaceous  shells* 
and  the  known  existence  of  lower  Cretaceous  lignites  west  of  the 
Rio  Grande,  I  infer  that  the  anthracite  beds  belong  to  that  period." 

In  1869  Dr.  Hayden  studied  these  beds,  and  wrote  about  them 
as  follows :  *  **  The  outcroppings  of  coal  on  the  northwest  side  of 
the  Placi^re  Mountains  are  of  great  interest.  They  were  first  ex- 
posed in  the  center  of  the  little  branches  that  run  into  the  Galisteo. 
The  first  one  is  about  five  miles  south  of  the  Galisteo.  The  coal 
is  in  the  natural  condition. 

*****  At  another  locality  there  is  a  bed  of  coal,  which  has 
been  changed  by  an  enormous  dike  into  anthracite.  (Then  follows 
section  of  beds.)  The  dip  of  all  the  beds  is  fourteen  degrees  east. 
They  are  overlaid  by  a  thick  bed  of  columnar  basalt.  The  dike 
that  covers  the  coal  bed  trends  about  north  and  south,  or  a  little  east 
of  south."  Dr.  Hayden  mentions  the  occurrence  of  abundant  im- 
pressions of  deciduous  leaves  with  the  first  coal  bed  mentioned, 
and  refers  the  whole  of  the  coal  group  to  the  Tertiary. 

In  1874  Professor  Cope  visited  the  region,  and  according  to 
Professor  Stevenson  t  placed  these  coals  in  Cretaceous  No.  3.  As 
stated  elsewhere  (p.  335),  I  am  not  able  to  find  that  Professor 
Cope  ever  visited  this  immediate  locality,  and  his  references  to 
the  position  of  the  coal  were  made  upon  a  mistaken  idea  of  the  iden- 
tity of  the  Galisteo  Group. 

In  the  same  year  Dr.  Loew  visited  the  region,  mentioned  %  the 
occurrence  of  the  seams  of  coal  in  the  arroyo  south  of  Cerrillos* 
and  gave  several  analyses  §  of  the  anthracite.  Dr.  Loew  says :  || 
**  The  coal  is  probably  of  Carboniferous  age." 

In  1878  Professor  Stevenson  made  a  study  of  the  geology  of 
this  locality,  and  in  his  report  described  ^  the  coal  series  at  some 


*  Prelim.  Field  Rep.  U.  S.  Geol.  Surv.  of  Col.  and  New  Mex.,  pp.  67,  68. 

fU.  S.  Geog.  Surv.  West  of  looth  Mer.,  Vol.  III.,  Supplement,  p.  35. 

t  Rep.  of  Chief  of  Engineers,  1875,  Part  II.,  p.  1028. 

J  U.  S.  Geog.  Surv.  West  of  lOoth  Mer,,  Vol.  III.,  pp.  632,  634. 

||/^iV/.,p.  633. 

•[U.  S.  Geog.  Surv.  West  of  1 00th  Mer.,  Vol.  III.,  Supplement,  pp.  126-130. 


342  THE    QUARTERLY. 

length,  giving  detailed  sections.     Professor 'Stevenson  refers  this 
group  to  the  Laramie. 

In  1895  Professor  Stevenson  again  visited  the  Cerrillos  region, 
and  made  a  more  detailed  study  of  the  Madrid  Group.  His  con- 
clusions *  deal  more  especially  with  the  nature,  occurrence  and 
origin  of  the  anthracite,  and  are  considered  elsewhere  in  this  re- 
port. The  geological  relations  are  described  in  some  detail,  how- 
ever, the  beds  being  referred,  as  before,  to  the  Laramie.  Regard- 
ing the  Fox  Hills  Professor  Stevenson  says :  t  "  The  Fox  Hills 
stage  of  the  Rocky  Mountains  region  is  not  represented  in  this 
area." 

In  1898  Dr.  Herrick  studied  the  Ortiz  and  Cerrillos  region,  and 
in  his  published  notes ;]:  briefly  describes  the  coal  series  and  refers 
it  to  the  Cretaceous,  no  more  definite  a  reference  being  made. 

In  the  summer  of  1899  and  1900  I  made  several  short  excursions 
into  this  region  and  on  stratigraphic  grounds  was  led  to  refer  this 
Madrid  Group  to  the  Fox  Hills.  The  more  detailed  work  of  the 
summer  of  1902  has  served  to  confirm  the  former  reference. 

her  west,  in  the  valley  of  the  Rio  Puerco,  are  exposed  a 
series  of  lignite  beds,  above  which  are  massive  yellow  standstones 
similar  to  those  of  the  Cerrillos  region.  In  these  yellow  sandstones 
I  found  abundant  fragments  of  sharks'  teeth  and  a  few  marine 
shells.  On  the  basis  of  shells  and  leaves  which  he  collected  here, 
Dr.  C.  L.  Herrick  referred  these  beds  to  the  Fox  Hills. 

In  the  Madrid  region  about  100  feet  below  the  lowest  coal  bed 
are  abundant  marine  fossils  of  Upper  Fort  Pierre  age.§  From 
1,500  to  2,000  feet  above  the  coal  of  the  Madrid  Group,  in  the 
Galisteo  Group  which  overlies  it  conformably,  are  silicified  tree 
trunks  of  Upper  Cretaceous  or  later  affinities.  In  the  Madrid 
Group  itself  are  found  fossil  leaves,  one  species  of  which  is  only 
known  from  the  Fox  Hills,  while  another  is  only  known  from 
beds  of  doubtful,  but  probable  Fox  Hills,  age.  In  view  of  these 
facts,  and  since  lignites  in  other  parts  of  the  Territory  are  known 
to  be  of  Fox  Hills  age,  I  have  no  hesitation  in  referring  the  Madrid 
Group  to  that  period. 

The  details  of  the  Madrid  Group  are  shown  in  the  following  sec- 


*  Trans.  N.   Y,  Acad  Sci.^  Jan.,  1896,  pp.  105-122. 
\  Jbid,^  p.  III. 

%  Bull.  Univ.  Ntnu  Mfx.y  Vol.  I.,  pp.  1 09- 1 1 4. 
\  See  Part  II.,  Palaeontology,  of  this  report. 
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tion,  compiled  from  the  lower  part  of  the  section  east  of  Cerrillos 
(Fig.  4)  and  the  upper  part  of  the  Madrid  section  (Fig.  5).  Minor 
coal  seams  occur  in  some  of  the  shale  beds,  but  were  not  visible 
in  the  sections.     The  beds  are  given  in  descending  order: 

Feet. 

Massive  white  sandstone 25 

Marly  sands Few 

Massive  yellow  sands  with  occasional  loose,  marly  bands 850 

Concealed  ( loose  marly  sands  ?  with  possible  fault ) 1 75 

MassivQ  and  loose  shaly  sands 350 

Loose  yellow  sands 150 

Fault. 

Loose  yellow  sands 100 

White  sandstone 15 

Carbonaceous  shales 50 

Continued  in  the  upper  part  of  the  Madrid  section  as  follows : 

Feet. 

Loose  sand  (upper  part  concealed) Several 

Intruded  lava  sheet I 

Soft  sandstone 8 

Intruded  lava  sheet 3 

Soft  sandstone 10 

More  indurated  sandstone  (fossil  leaves) 9 

Carbonaceous  shales 10 

Sandstones 6 

Intruded  lava  sheet 8-10 

Shales 3-4 

Coal  seam , 2 

Shales 3 

Concealed Few 

Intruded  lava  sheet  (west  to  Madrid) 65 

Concealed  (probably  lava  sheet) 65 

Sandstone  I 

Shales  and  coal  (anthracite) » 3 

Sandstone 7 

Shales 2 

Coal  (anthracite) 3 

Shales 2 

Concealed 100 

Sandstone , 16 

Lignitic  shales 30 

Concealed 70 

Coal  (bituminous) 3 

Concealed  (sandstone  and  carbonaceous  shales  in  well  boring 100  {- 

Intruded  lava  sheet Several  hundred 
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As  will  be  seen  from  the  above,  36  feet  of  carbonaceous  shales 
with  several  thick  bands  of  brown  lignite  are  exposed  in  the 
Madrid  escarpment  near  the  mines,  occurring  125  feet  below  the 
anthracite,  and  70  feet  above  the  bituminous  coal.  In  a  section  a 
little  over  200  feet  in  vertical  extent  we  thus  have  all  of  the  three 

• 

important  stages  in  the  production  of  anthracite  represented.  The 
significance  of  this  in  connection  with  the  origin  of  the  anthracite 
is  emphasized  elsewhere.  The  fossil  leaves,  belonging  to  the 
species  Ftcus  uncata  Lesquereux,  Futis  rhamnoides  Knowlton,  and 
Aralia7  sp.,  were  found  in  the  9-foot  band  of  sandstone  above  the 
coal  exposed  half  a  mile  east  of  Madrid,  and  are  described  and 
figured  in  Part  II.,  Palaeontology,  of  this  report.  The  petrographic 
description  of  the  interstrata  sheets  of  lava  occurs  in  Part  III., 
Petrography.  That  these  lava  sheets  were  intruded  between  the 
beds  is  shown  by  the  metamorphic  effects  both  above  and  below 
the  lava,  by  the  fact  that  the  sheets  send  of!"  tongues  of  lava  into 
the  overlying  beds,  and  by  the  deep-seated  character  of  the  intruded 
material.  In  the  Madrid  area  these  interstrata  flows  doubtless  con- 
nected with,  and  had  their  origin  in,  the  great  Ortiz  laccolith  to  the 
south. 

The  Fort  Pierre  Group. 

Since  the  Fort  Pierre  shales  and  sandstones  are  found  mainly 
along  the  western  side  of  the  Cerrillos  district,  away  from  the 
usual  line  of  travel  to  the  coal  and  placer  mines,  and  contain 
nothing  of  special  economic  interest,  they  do  not  play  as  important 
a  part  in  the  literature  of  this  region  as  do  the  groups  previously 
discussed.  It  is  true  that  in  the  reports  of  several  of  the  earlier 
geologists  references  are  made  to  fossils  collected  and  other  data 
secured  from  Cretaceous  beds  in  this  region,  some  of  which  refer- 
ences may  apply  to  the  beds  of  this  group.  But  in  all  cases  the 
statements  are  very  general,  or  there  is  considerable  doubt  as  to 
the  beds  actually  under  consideration. 

In  1869  Dr.  Hayden  noted*  "  the  dark  shales  of  No.  4,  appar- 
ently." In  1 878  Professor  Stevenson  made  a  study  of  the  region,  and 
gave  more  exact  descriptions  of  this  formation,  t  He  recorded 
the  presence  of  Fort  Pierre  shales  on  the  south  and  west  sides  of 
the  Cerrillos  Hills,  where  they  were  said  to  contain  fragments  of 

*  Prelim.  Field  Rep.  U.  S.  Geol.  Surv.  of  Colorado  and  New  Mexico,  1869,  p.  67. 
f  U.  S.  Geog.  Surv.  West  of  looth  Mer.,  Vol.  III.,  Supplement,  pp.  99-101,  329, 
etc. 
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huge  Inocerami  and  other  fossils,  and  beds  of  iron  ore.     The  great 
distortion  of  the  beds  is  referred  to. 

The  Fort  Pierre  Group  in  the  Cerrillos  region  consists  of  beds 
of  dark  arenaceous  shales,  shaly  and  massive  sandstones,  and 
loose  sands.  These  beds  are  quite  fossiliferous  in  places,  and  their 
fauna  is  described  in  Part  II.,  Palaeontology,  of  this  report.  So  far 
as  the  greatly  disturbed  and  faulted  condition  of  the  beds  would 
permit  one  to  determine,  the  upper  part  of  the  group  consists 
largely  of  the  sandstones  and  shaly  sands,  while  the  lower,  and 
probably  greater,  portion  consists  of  dark  arenaceous  shales.     In 


Fig.  6.     Achavica  Arroyo  Section. —  i,  Sandstones.     2,  Sands  and  shales. 

3,  Intrusive  andesite  (laccolith  and  dyke). 

the  Achavica  Arroyo  section  (Fig.  6)  170  feet  of  these  sands  were 
measured,  while  160  feet  appear  in  the  Madrid  section  (Fig.  5). 
It  was  impossible  to  get  any  idea  of  the  thickness  of  the  shales 
below.  The  whole  area  of  the  low  broad  vale  west  of  the  Cerrillos 
Hills  and  north  of  the  Galisteo  Creek,  except  a  narrow  band  along 
its  western  edge,  is  largely  composed  of  these  dark  gray  or  drab 
shale  beds.  But  the  area  is  cut  by  a  large  series  of  intersecting 
dikes,  faults  are  numerous  and  of  unknown  extent,  and  the  beds 
are  up-tilted,  overthrown,  and  twisted  in  every  conceivable  manner. 
In  one  place  several  hundred  feet  of  these  shales  appear  dipping 
westward  away  from  the  Cerrillos  uplift,  but  minor  faults  were  cer- 
tainly present,  and  more  extensive  ones  may  have  been.  There 
is  little  doubt  but  that  a  considerable  thickness  is  represented, 
however,  the  whole  of  the  Fort  Pierre  Group  probably  reaching 
the  thickness  of  over  i  ,000  feet  given  by  Stevenson  for  this  group 
in  other  localities. 

The  detailed  character  of  the  upper  sandy  portion  of  the  Fort 
Pierre  Group  may  better  be  appreciated  by  a  study  of  the  typical 
sections,  which  are  here  repeated.  The  Madrid  section  (Fig.  5) 
was  made  along  a  nearly  east  and  west  line  passing  through  the 
town  of  Madrid,  and  was  about  a  mile  and  a  half  in  length.  This 
section  shows  an  easterly  dipping  series  of  sandstones  and  shales. 
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with  several  intrusive  sheets  of  lava.  At  the  base  of  this  section, 
about  a  mile  west  of  Madrid,  are  found  beds  of  yellow  and  white 
sands,  overlain  by  one  of  the  intrusive  sheets,  as  follows : 

Intruded  sheet  of  lava.  Feet. 

*  Massive  sandstone 30 

Shaly             **        6 

Massive         **        6 

Shaly             **        40 

Shaly  sandstone  with  concretions 30 

(Small  hiatus.) 

Loose  sands  with  concretions 50 

The  lower  eighty  feet  of  this  section  were  fossiliferous,  the  fos- 
sils gathered  being  mostly  weathered  out,  probably  from  the  con- 
cretions, and  were  of  Fort  Pierre  age. 

The  Achavica  Arroyo  section  (Fig.  6)  was  made  one  mile  north- 
west of  Grand  Central  Mountain,  in  Achavica  Arroyo,  where  are 
exposed  a  series  of  sandstones  and  shales,  dipping  sharply  away 
from  the  intrusive  cot;e  of  the  main  uplift,  with  which  these  beds 
are  in  contact  at  the  eastern  end  of  the  section.  At  the  western 
end  the  section  is  terminated  by  a  fault,  beyond  which  the  beds 
dip  toward  the  east,  apparently  away  from  a  smaller  intrusion  of 
the  lava  a  few  rods  farther  west.  The  whole  formation  is  con- 
siderably metamorphosed,  and  the  strike  and  dip  vary  greatly, 
the  average  being  about  N.  40  E.  for  the  former  and  50  W.  for 
the  latter.  The  following  beds  are  exposed,  given  in  descending 
order : 

[Fault  cutting  off  section  at  western  end  (top)]. 

Feet. 

A.  Sandstones  and  shaly  sands 60 

B.  Sandstones  and  shaly  sands 40 

Small  dike. 

C.  Shaly  sands  ] 
b.  Shaly  sands  J 

E.  Sandstones  and  shaly  sands 30 

F.  Mostly  shales 20 

Intrusive  core  of  main  uplift. 

A  few  fossils  were  found  in  each  of  the  above  divisions,  and 
showed  the  Fort  Pierre  age  of  the  beds. 

In  both  of  the  above  sections  several  new  species  of  fossils  were 
secured,  and  are  described,  together  with  the  rest  of  the  forms,  in 
Part  II.  of  this  report.  In  each  case  enough  well-known  forms 
were  present  to  leave  no  doubt  as  to   the  age  of  the  deposits. 
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Good  Fort  Pierre  fossils  were  also  found  in  the*  lower  dark  shales 
in  several  places,  but  no  satisfactory  sections  could  be  obtained. 

Layers  of  nodular  iron  ore  have  been  mentioned  from  these 
beds  by  several  writers,  some  of  whom  attached  considerable  im- 
portance to  the  occurrence.  No  beds  of  value  have  been  developed, 
nor  did  I  see  any  indications  of  notable  quantities  of  iron  in  the 
region. 

The  Niobrara  Group. 

Dr.  Hayden  speaks*  of  finding  "the  full  series  of  the  Cretaceous 
beds"  in  this  locality.  His  more  definite  description  is  as  fol- 
lowsrt  *'A  great  thickness  of  Cretaceous  shales  No.  2,  passing 
up  into  laminated  arenaceous  shales,  with  fossils,  then  the  dark 
shales  of  No.  4,  apparently."  No  specific  mention  of  Cretaceous 
No.  3,  or  the  Niobrara  Group,  is  made. 

Professor  Stevenson  says  :J  "  The  limestones  only  of  this  group 
were  seen  on  Galisteo  Creek,  where  the  exposures  are  far  from 
being  complete."  He  doubtless  referred  to  the  region  about 
Galisteo,  some  sixteen  miles  further  east,  as  he  elsewhere  §  men- 
tions the  occurrence  of  small  exposures  of  this  group  at  that 
locality. 

In  the  Cerrillos  region  itself  I  found  no  beds  of  undoubted 
Niobrara  age,  nor  any  Hmestones  resembling  those  of  this  group. 
Just  north  of  the  town  of  Cerrillos  is  a  small  and  imperfect  ex- 
posure of  Fort  Benton  shales,  but  it  did  not  appear  that  anything 
belonging  to  the  Niobrara  was  represented  there.  At  the  top  of 
the  Galisteo  Monocline  were  found  beds  containing  Ostrea  lugubris 
Conrad,  and  which  may  belong  to  the  Niobrara,  although  litholog- 
ically  they  more  closely  resemble  the  Fort  Benton.  It  is  also 
possible  that  some  of  the  beds  below  the  known  Fort  Pierre  on 
the  south  side  of  the  creek  may  belong  to  the  Niobrara. 

The  P'ort  Benton  Group. 

Dr.  Hayden  speaks  ||  of "  a  great  thickness  of  Cretaceous  shales 
No.  2"  west  of  the  Cerrillos  Hills.  It  seems  probable  that  the 
most  of  this  "  great  thickness  "  of  shales  belongs  to  the  Fort  Pierre, 

♦Prelim.  Field  Rep.  U.  S.  Geol.  Surv.  of  Col.  and  New  Mex.,  1869,  p.  66. 
\Ibid.^  p.  67. 

X  U.  S.  Geog.  Surv.  West  of  looth  Mer.,  Vol.  III.,  Supplement,  p.  98. 
\Ibid.,  p.  340. 
Prelim.  Field  Rep.  U.  S.  Geol.  Surv.  of  Col.  and  New  Mex.,  1869,  p.  67. 
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although  the  Fort  Benton  is  represented.  Professor  Stevenson 
does  not  mention  this  group  as  occurring  in  the  Cerrillos  district, 
although  he  records  *  it  from  fifteen  or  twenty  miles  farther  east. 

The  exposures  of  the  Fort  Benton  group  in  the  Cerrillos  district 
are  few,  small  and  imperfect,  but  one  such  exposure  gives  un- 
doubted faunal  proof  of  its  age.  Just  north  of  the  town  of  Cer- 
rillos, almost  in  contact  with  the  intrusive  mass  of  the  main  Cer- 
rillos  uplift  is  exposed  a  small  bed  of  dark  calcareous  shales, 
striking  N.  45  W.  and  dipping  25  N.,  or  in  toward  the  intrusive. 
This  represents  one  of  the  groups  of  strata  which  are  found  in 
close  proximity  to  the  laccolith,  dipping  in  toward  it,  the  beds 
generally  dipping  away  from  the  uplift  in  all  directions.  From 
these  shales  a  characteristic  Fort  Benton  fauna  was  collected,  as 
noted  in  Part  II.  of  this  report.  The  shales  are  not  well  shown, 
but  apparently  are  of  but  limited  areal  extent. 

Several  miles  west  of  Cerrillos,  just  south  of  the  main  wagon 
road  west,  are  exposed  easterly  dipping  shales  which  form  the  most 
eastern  exposure  of  the  Galisteo  Monocline.  About  one  hundred 
feet  of  these  shales  are  shown  between  interstrata  sheets  of  lava, 
and  from  them  a  number  of  specimens  of  Ostrea  lugubris  Conrad,  a 
fossil  characteristic  of  the  Colorado  formation,  were  collected. 
These  shales  may  possibly  belong  to  the  Niobrara,  although  litho- 
logically  they  more  closely  resemble  the  Fort  Benton. 

Judging  from  the  small  and  imperfect  exposures  of  this  group 
one  might  be  led  to  suspect  that  it  did  not  attain  a  very  great 
thickness  in  this  region.  Professor  Stevenson  reports  f  that  in 
other  localities  the  exposures  of  this  group  are  seldom  good,  and 
assigns  a  thickness  of  rarely  more  than  1 50  feet  to  it. 

The  Dakota  Group. 
Professor  Stevenson  does  not  report  the  Dakota  formation  from 
the  Cerrillos  region,  although  he  mentions  it  as  occurring  in  the 
vicinity  of  Galisteo  a  number  of  miles  farther  east.  If  present  in 
the  Cerrillos  district  at  all.  it  is  only  exposed  as  a  narrow  band  in 
the  Galisteo  Monocline,  at  the  western  border  of  the  district.  Dr. 
C.  L.  Herrick  gives  ;j:  the  following  section  of  the  monocline  at  a 
point  a  little  north  of  the  creek  —  beds  given  in  descending  order: 


♦U.  S.  Geog.  Surv.  West  of  looth  Mer.,  Vol.  III.,  Supplement,  p.  97. 

f  Ibid, ,  p.  96. 

%  Bull.  Univ.  Neiv  Alex.,  Vol.  I.,  p.  109. 
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Sandstone  with  conglomenite 35 

Sandsand  shales 30 

White  sandstone 3+ 

While  sandy  shales 20 

While  sandstone 3 

Chocolate  shales  ■ 


MasM»e  red  sandstone 75* 

Red  shales  and  sands 50 

The  red  beds  at  the  base  are  doubtless  the  typical  "  Red  Beds  " 
of  probable  Jura-Triassic  age.  East  of  this  section,  and  above  the 
uppermost  beds  here  given,  are  the  dark  gray  shales  with  typical 
fossils  of  Colorado  age.  It  seems  not  improbable,  then,  that  the 
upper  part  of  the  above  section,  with  possibly  still  higher  beds, 
belongs  to  the  Dakota  Group,  although  definite  proof  is  lacking. 


Fio.  7.     Jura.Triassic  (?)  Red  Beds,  base  of  Calisteo  Monocline. 

Juka-Trias(?). 

The  lowest  beds  exposed  in  the  Cerrillos  region  are  found  at 

the  base  of  the  Galistco  Monocline  (see  foregoing  section),  where 


3  so 
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are  exposed  125  feet  of  red  sandstones  and  shales  below  fossil- 
iferous  Cretaceous  beds.  These  doubtless  belong  to  the  typical 
**  Red  Beds,"  and  were  correctly  correlated  by  Cope  with  the 
Red  Beds  exposed  above  the  Upper  Carboniferous  on  the  eastern 
flank  of  the  Sandia  Mountains.  These  beds  doubtless  represent 
what  we  have  of  the  Permian  and  Jura-Triassic  in  the  region,  and 
it  would  not  seem  unwarrantable  to  correlate  this  lower  part  of  the 
Galisteo  Monocline  section  with  the  Jura-Trias,  since  the  upper 
part  only  of  the  **  Red  Beds  "  are  here  represented.  I  am  not  able 
to  present  any  faunal  evidence  in  support  of  the  correlation. 

To  be  Continued. 


ON   THE  USE  OF   INFLUENCE   LINES   IN   GRAPHIC 

STATICS.* 

By  MYRON  S.  FALK. 

Art.  8.  Influence  Lines  Between  Adjacent  Panel  Points. 

Beams  and  girders  as  a  rule  carry  the  loads  imposed  upon 
them  at  any  point  in  their  spans;  in  the  usual  types  of  trusses, 
however,  and  sometimes  even  in  the  case  of  long  girders,  the  load 


Fig.  5. 

is  brought  upon  the  structure  at  fixed  panel  points  only.     Due  to 
this  redistribution  of  the  load  at  panel  points,  it  becomes  neces- 

*  Continued  from  page  119,  Vol.  XXIV.,  No.  2. 
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sary  to  investigate  the  change  occurring  in  influence  lines  which 
may  have  been  drawn  under  the  assumption  that  a  load  actually 
acts  where  it  appears  to  be  placed.  Let  Fig.  5  represent  two  ad- 
jacent panel  points,  designated  as  points  n—  i  and  n,  and  let  the 
load  P  be  distant  x  from  «.  The  effect  of  the  load  P  on  the  mem- 
bers of  the  truss  will  be  that  due  to  its  distribution  at  the  adjacent 
panel  points ;  in  this  case  the  equivalent  effect  being  that  due  to 
forces  equal  in  amount  but  opposite  in  direction  to  the  reactions 
of  a  load  Pom,  span  of  panel  length  /;  if  these  forces  are  repre- 
sented by  R^_^  and  R,  there  will  be  found : 


P 

7 


K-.-^  (0 


R^^^-J-f)  (2) 

Let  the  ordinates  of  the  influence  line  beneath  the  panel  joints 
and  beneath  the  load  be  designated  respectively  by  j^.j,^'^  and  j. 
Since  the  product  of  the  load  P  by  its  influence  ordinate  must  be 
equal  to  the  sum  of  the  products  of  its  parts,  each  multiplied  by 
its  corresponding  coordinate,  there  will  be  obtained: 

^=^n-lJ^-I   +   ^«.A-  (3) 

By  the  substitution  of  the  values  of  eq.  (i)  and  eq.  (2)  in  eq.  (3) 
there  will  be  found: 

y  =  y J„_i  +  ~j  A.  (4) 

In  this  expression  x  is  the  variable  quantity  and  since  it  appears 
only  in  the  first  degree,  the  line  which  eq.  (4)  represents  must  be 
a  straight  line.  The  following  rule  may  therefore  be  deduced  : 
Any  influence  line  due  to  a  single  moving  load,  showing  the 
variation  in  any  function  of  any  part  of  a  truss,  is  a  straight  line 
between  adjacent  panel  points. 

Art.  9.  Determination  of  Stresses  in  Three  Non-Concurrent 

Members  of  a  Truss. 

A  problem  that  frequently  arises  in  graphic  construction  is  the 
determination  of  the  stresses  in  three  membsrs  of  a  truss,  not 
meeting  in  a  point.     It  is  assumed  that  the  external  forces  are 
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fully  known  in  regard  to  magnitude,  direction  and  point  of  appli- 
cation ;  in  the  treatment  that  follows,  these  external  forces  may 
therefore  be  replaced  by  their  completely  known  resultant.  Let 
the  section  mn.  Fig.  6,  cut  the  three  members  Uy  L  and  D,  of  the 


\   L 


n 


Fig.  6. 

truss,  and  let  R  represent  the  position,  direction  and  magnitude  of 
the  resultant  of  the  external  forces  situated  at  the  left  of  the  section 
and  which  holds  in  equilibrium  therefore  the  stresses  in  the  mem- 
bers in  question. 

Continue  L  till  it  intersects  RzX.  a;  connect  b  which  is  the  in- 
tersection of  C/'and  D^  and  a  by  the  line  C,  and  which  may,  for 
the  present,  be  assumed  the  line  of  action  of  a  supplementary  force 
acting  through  a  and  b.  The  force  polygon  stu  may  then  be 
drawn  by  using  the  three  concurrent  forces  /?,  C  and  L  since  only 
the  amounts  of  6^ and  L  are  unknown ;  this  operation  can  be  repeated 
with  the  forces  C,  C/and  Z?,  assuming  in  this  instance  (7  to  be  com- 
pletely known.     The  resulting  triangle  is  suv. 

If  C  in  the  second  case  be  given  a  direction  opposite  to  that 
in  the  first  case,  it  is  found  that  the  supplementary  force  C  is  an- 
nulled ;  in  other  words,  the  resultant  of  two  of  the  forces  balances 
the  resultant  of  the  other  two.  Thus  the  forces  R^  Z,  D  and  U 
form  a  closed  polygon,  and  the  forces  which  are  represented  by  the 
sides  of  this  polygon  are  in  equilibrium ;  the  stresses  D^  L  and  U 
are  then  completely  determined. 


Art.  io.  Stresses  in  the  Web  Members  of  any  Simply 

Supported  Truss. 

In  order  to  determine  the  variation   in  the  stress  in   the  web 
member  or  diagonal  D  of  any  truss  such  as  shown  in  Fig.  7  in 
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which  the  moving  load  traverses  the  lower  chord,  let  a  load  P 
move  over  the  truss  from  the  right  abutment  to  panel  point  3. 
By  the  method  of  sections  and  movements  it  can  be  seen  that  the 
stress  in  D  in  this  case  is  influenced  simply  by  the  reaction  R  at 
the  left  abutment ;  it  is  clear  therefore  that  with  the  load  P  between 
panel  points  3  and  5,  the  stress  in  B  will  always  be  of  the  same 
sign.      In  the  same  way  for  a  load  P  between  the  left  abutment 


Fig.  7. 


Fig.  8. 


and  panel  point  2,  the  stress  in  1/  is  influenced  only  by  the  reac- 
tion R^]  this  stress  will  always  be  of  an  opposite  kind  to  that  with 
the  load  between  the  points  3  and  5.  It  should  however  be 
noted  that  these  statements  do  not  apply  to  trusses  of  that  kind  in 
which  the  two  chord  members  which  are  cut  by  the  section  inter- 
sect within  the  limits  of  the  truss ;  in  the  treatment  that  follows 
trusses  of  this  character  are  therefore  excluded.  It  must  be  evi- 
dent, therefore,  that  some  point  in  the  panel  2-3  must  be  a  critical 
point  for  deciding  how  far  a  load  may  advance  into  the  panel  be- 
fore the  stress  in  the  diagonal  of  that  panel  is  reversed.  This 
critical  point  will  be  found  at  that  point  where  the  load  if  applied 
will  cause  no  stress  at  all  in  the  member ;  the  following  construc- 
tion will  determine  its  location. 
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Continue  the  unloaded  chord  member  a—b  until  it  meets  the 
lines  of  action  of  the  reactions  at^  and  h ;  draw  the  Wvics  gk  and 
hk  through  the  panel  points  2  and  3  to  the  intersection  k,  A 
vertical  line  through  k  will  then  determine  the  desired  critical 
pointy  according  to  the  following  proof.  Assume  any  load  P 
placed  vertically  over  k.  Its  effect  on  the  stresses  in  the  members 
of  the  truss  is  the  same  as  if  it  were  replaced  by  its  components 
acting  at  panel  points  2  and  3,  and  the  amounts  of  which,  P^  and 
P^y  are  found  by  means  of  the  triangle  2^3  which  is  a  funicular 
polygon  for  this  loading  on  a  span  equal  to  the  panel  length. 
The  force  polygon  corresponding  to  this  funicular  polygon  is 
shown  in  Fig.  8,  and  represents  P^  and  P^  to  scale.  In  a 
similar  manner  ^23/*  is  a  funicular  polygon  for  the  forces  /?,  R\ 
P^  and  P^  and  the  values  of  the  reactions  R  and  R'  of  the  main 
truss  are  found  on  the  same  force  polygon,  Fig.  8,  by  drawing  a 
line  through  the  pole  0  of  the  force  polygon  parallel  to  ab.  The 
forces  whose  moment  is  to  be  taken,  and  which  cause  stress  in  D 
are  therefore  R  and  P^ ;  their  resultant,  whatever  be  its  value,  acts 
at  the  intersection  of  the  strings  ad  and  23  of  the  funicular  poly- 
gon. But  this  point  of  intersection  is  also  the  intersection  of  the 
two  chord  members  V  and  Z,  and  is  the  center  of  moments  for 
finding  the  stress  in  D\  therefore  the  resulting  moment  of  R  and 
P^  is  zero  and  the  diagonal  sustains  no  stress  for  this  position  of 
the  loading.  Therefore  loads  advancing  from  R*  to  the  critical 
point  K  will  cause  stress  of  one  kind,  and  loads  from  R  to  A"  stress 
of  the  opposite  kind.  Trusses  with  the  loading  on  the  upper  chord 
are  treated  in  precisely  a  similar  manner,  the  construction  to  be 
followed  in  any  case  being  simply  this :  Continue  the  unloaded 
chord  member  cut  by  the  section,  till  it  intersects  the  lines  of  action 
of  the  reactions  ;  draw  lines  from  these  points  through  the  ends  of 
the  loaded  chord  member  which  is  cut  by  the  section,  and  the 
intersection  of  these  lines  will  give  the  desired  point. 

If  the  moving  load  is  a  uniform  load,  the  position  of  the  load 
causing  the  maximum  stresses  of  opposite  kinds  is  immediately 
found ;  the  loading  extends  alternately  from  either  reaction  to  the 
critical  section.  The  value  of  the  stress  itself  may  be  found 
quickly  in  a  manner,  which  although  approximate,  is  sufficiently 
exact  to  cover  the  usual  cases  occurring  in  practice ;  the  stresses 
so  found  will  have  a  value  slightly  greater  than  those  which 
actually  exist.      The  approximation  consists  simply  in  neglecting 
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that  portion  of  the  loading  acting  downwards  at  panel  point  2,  and 
assumes  that  the  stress  in  the  diagonal  is  caused  only  by  the  reac- 
tion H.  The  value  of  R  may  be  found  very  simply  either  analyt- 
ically or  graphically.  By  means  of  the  construction  explained  in 
Art.  9,  the  stress  in  the  member  may  then  be  found  as  follows : 

The  reaction  ^acting  at  i  holds  in  equilibrium  the  three  unknown 
forces  U,  D  and  L ;  continuing  U  and  L  to  intersect  at  m^  and 
letting  D  intersect  R  at  «,  the  force  acting  along  the  line  mn  is 
found  to  balance  these  two  pairs  of  concurrent  forces.  In  order  to 
obtain  the  value  of  Dy  lay  off  upwards  from  n  the  value  of  R  equal 
to  np ;  at/  draw  a  line  parallel  to  D  to  intersect  mn  at  q ;  pq 
will  then  be  the  stress  in  D,  and  will  be  completely  determined  in 
regard  to  amount  and  direction.  In  order  to  find  the  greatest 
counter  stress,  the  load  must  cover  that  portion  of  the  truss  not 
loaded  before;  otherwise  the  operation  is  precisely  similar  to  that 
just  described. 

Art.  II.    Influence  Line  for  Stress  in  any  Web  Member  of 

A  Simply  Supported  Truss.* 

As  a  unit  load  passes  over  the  bridge  from  right  to  left,  an  in- 
fluence line  for  the  stress  in  any  diagonal  such  as  AC  of  the  truss 
shown  in  Fig.  g,  may  easily  be  drawn ;  in  this  case  the  load  is 
carried  at  the  panel  points  of  the  lower  chord,  but  the  methods  to 
be  used  are  also  applicable  to  trusses  in  which  the  load  is  carried 
by  the  upper  chord.  It  is  clear  that  if  the  load  is  between  panel 
points  R^  and  B,  the  stress  in  the  diagonal  is  always  of  the  same 
sign  and  its  magnitude  varies  directly  as  the  left-hand  reaction. 
The  variation  of  this  reaction  can  be  indicated  by  an  influence  line 
for  reactions,  and  is  a  straight  line  for  a  unit  load.  Therefore  the 
influence  line  for  stress  in  the  diagonal  AC  may  be  drawn  upon 
the  reference  line  MN,  as  a  straight  line  NL  between  R^  and  B ; 

■ 

its  slope,  as  yet  undetermined,  must  be  flxed  by  locating  two  of 
its  points. 

Similar  reasoning  holds  for  the  distance  RC;  the  influence  line 
for  this  portion  of  the  truss  is  therefore  also  a  straight  line,  but 
since  the  stress  is  of  an  opposite  kind  from  that  when  the  load  is 
between  /?'  and  B,  the  line  MK  is  drawn  below  the  reference  line. 

*That  type  of  truss,  however,  in  which  the  chord  members  intersect  within  the 
limits  of  the  span,  is  again  excluded  (see  page  353,  Art.  lo). 
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There  still  remains  to  be  determined  the  influence  line  when  the 
load  is  in  the  panel  itself. 

It  has  already  been  shown  (Art.  lo)  that  there  is  a  point  D  in 
the  panel,  where  a  load,  if  placed,  produces  no  stress  in  the  diago- 
nal of  that  panel ;  and  it  has  been  shown  (Art.  8)  that  all  reference 
lines  are  straight  lines  between  panel  points.  Therefore  the  in- 
fluence line  in  the  panel  itself,  and  to  some  as  yet  undetermined 
scale  for  load,  is  found  by  drawing  any  straight  line  through  Z?', 


Fig. 


the  intersection  with  the  reference  line  of  a  perpendicular  dropped 
from  D  until  this  line  KD'L  meets  verticals  erected  at  the  panel 
points  Cand  B.  The  influence  line  may  then  be  completed  by 
connecting  the  points  A' and  L  with  the  ends  of  the  reference  line 
J/ and  iV,  since  it  has  just  been  shown  that  these  portions  are 
straight  lines,  and  two  points  upon  each  of  these  lines  have  now 
been  found.  Ordinates  above  the  reference  line  indicate  stress  of 
one  kind,  ordinates  below  stress  of  the  opposite  kind.  The  scale 
with  which  to  measure  the  actual  stress  has  as  yet  not  been  de- 
termined ;  but  it  is  clear  that  if  the  stress  is  known  for  any  position 
of  the  load  such  as  B,  the  scale  is  immediately  fixed. 
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The  influence  line  for  a  unit  load  having  thus  been  found,  the  posi- 
tion of  a  series  of  concentrations  causing  the  greatest  stress  can  be 
found  precisely  as  in  Art.  2 ;  the  loads  having  been  placed  in  a 
trial  position,  the  sum  of  the  products  of  the  ordinates  of  the  in- 
fluence line  by  the  amount  of  the  load  placed  over  any  ordinate 
may  be  found  and  compared  to  another  trial  position ;  the  greatest 
sum  will  give  the  position  of  the  loading  for  maximum  stress,  and 
by  means  of  the  proper  scale,  the  stress  itself.  It  is  possible,  how- 
ever, by  the  aid  of  the  influence  line  just  developed,  to  deduce  a 
criterion  which  will  at  once  enable  the  position  of  the  loads  caus- 
ing the  maximum  stress  to  be  determined. 

Art.  12.    Criterion  to  Determine  Position  of  Loading  for 

Maximum  Web  Stress. 

The  web  member  CA  of  the  truss  shown  in  Fig.  g  will  be  chosen, 
and  it  will  be  supposed  that  the  loads  advance  upon  the  bridge, 
along  the  lower  chord,  from  right  to  left.  It  is  at  once  seen,  by 
inspection  of  the  influence  line,  that  in  general  no  load  must  pass 
the  panel  in  question,  since  loads  in  that  portion  of  the  truss  to 
the  left  of  the  panel  will  always  cause  negative  stress ;  the  exact 
distance  which  the  loading  must  advance  into  the  panel  is  then 
the  quantity  which  must  be  determined.  Let  /  be  the  distance 
from  the  end  of  the  span  R'  to  the  point  V  where  a  load  if  placed, 
causes  no  stress  in  CA;  t  the  distance  from  the  right  end  of  the 
panel  to  the  same  point  D ;  x  the  distance  of  any  load  P  from  the 
end  of  the  span  ;  x*  the  distance  of  any  load  P  from  the  right  end 
B  of  the  panel ;  bm  the  general  value  of  the  influence  ordinate  be- 
tween R!  and  B  corresponding  to  a  unit  load  ;  {tn-^tn')  the  value  of 
the  similar  quantity  between  B  and  C ;  a  the  value  of  m'  at  the 
point  D ;  IP  all  the  weights  on  the  bridge  ;  IF  the  weights  on  the 
panel  BC^  and  5  the  stress  in  the  member  AC.     Evidently 

S=^IPm-yPm'.  (i) 

From  similar  triangles  there  is  found  that ;«  =  -  -  and  m!  =-- ^ 
Substituting  these  values,  eq.  (i)  becomes: 
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If  the  train  advances  to  the  left  by  an  amount  equal  to  Ax,  the 
stress  becomes 

5'  =  «  I  i  IP{x  +  Jx)  -i  XP  {x'  +  Jx)  I  and  thechange  in  the 

stress  is  therefore, 

JS^  S'-^S^a  {^-  I'PJx^LlFJx  I  (3) 

assuming  that  no  new  loads  advance  upon  the  truss,  and  that  no 
new  loads  enter  the  panel. 

For  a  maximum  or  minimum  Jj  =  o;  hence  for  this  condition 


(4) 


This  equation  is  a  perfectly  general  equation  of  condition  for 
finding  a  maximum  stress,  and  is  made  applicable  for  finding  the 
greatest  counter  stress,  by  substituting  for  /  and  /'  the  proper 
quantities  measured  from  the  left  ends  of  the  truss  and  panel. 

In  order  that  eq.  4  may  hold,  it  will  usually  be  found  necessary 
to.  place  a  weight  at  the  panel  point  B,  and  to  consider  only  so 
much  of  it  in  the  panel  CB  that  may  be  necessary  to  fulfill  the 
conditions  of  the  equation. 

This  criterion  may  be  used  graphically  in  a  manner  similar  to 
that  shown  in  Art.  5.  Lay  off  the  weights  P^,  P^,  etc.,  on  a  vertical 
line  passing  through  N,  beginning  at  the  bottom  with  P^  and  on  a 
strip  of  paper  lay  off  the  distances  between  the  loads,  beginning  at 
the  right  with  P^,  Let  P£  represent  the  total  load  IP  on  the 
bridge,  P^  being  at  the  panel  point  B ;  connect  Zy  with  £  by  3. 
straight  line  cutting  a  vertical  erected  at  B  or  P^  at  P.  If  a  hori- 
zontal line  drawn  through  /^intersects  the  load  P^  on  the  line  NE 
the  equation  of  condition  is  satisfied,  and  this  will  be  one  position 
of  the  loading,  causing  maximum  stress.  For,  from  similar  tri- 
angles, 

D'G  _NH      V  _IF 

~DN  ~  NE  ^^  ^  ""  iP' 

Application  of  the  Criterion. 

An  application  of  this  method  for  finding  the  maximum  and 
minimum  stress  in  the  diagonal  S^  of  the  truss  shown  in  Fig.  10 
Will  now  be  made.     The  following  are  the  required  data : 
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Span  =  264  feet;  number  of  panels 8=8;  panel  length  =33, 
feet ;  depth  of  truss  at  center  =  42  feet ;  length  of  5,  =s  39  feet ; 
length  of  5,  =B  31  feet;  loading »  E 40  of  Cooper's  specifications, 

Following  the  methods  of  Art.  10  it  will  be  found  that  D  is  that 
point  where  a  load,  if  placed,  will  cause  no  stress  in  5^,  and  this 
point  is  projected  vertically  downwards  as  V  upon  the  base  line 
MN.  It  will  be  supposed  that  the  loading  has  advanced  upon  the 
span  from  the  right,  and  to  such  a  point  that  wheel  load  3  is  at  the 
panel  point  B;  the  number  of  concentrations  on  the  span,  as  well 
as  the  position  of  each  load,  is  easily  found  by  laying  off  to  scale 
on  a  strip  of  paper  the  distances  between  the  loads,  and  moving 
this  strip  until  wheel  3  is  at  the  point  G;  the  line  MN  shows  this 
particular  position  of  the  loads.  It  should  be  noted  that  ten  feet  of 
uniform  load  are  treated  as  one  concentrated  load,  the  eflfect  of  the 
latter  being  to  act  at  the  center  of  the  ten-foot  section.  The  amounts 
of  the  wheel  loads  are  then  laid  off  upwards  in  regular  order  on 
the  vertical  erected  at  the  right  end  of  the  base  line,  extending  from 
Nto  E,  The  points  ly  and  E  are  then  connected  by  a  straight 
line  and  a  horizontal  /'W  drawn  drawn  through  F,thc  intersection 
of  Z^-ffwith  a  vertical  erected  at  G.  Then,  since  /^fl' intersects 
the  load  line  in  the  load  3,  the  conditions  of  eq.  (4)  are  fulfilled, 
and  this  position  of  the  loading  causes  a  maximum  stress. 

In  order  to  determine  the  actual  stress  in  S^,  it  will  then  be  neces- 
sary to  find  both  the  reaction  at  the  left  end  of  the  span  and  the 
reaction  at  the  left  end  of  the  panel ;  these  quantities  are  easily 
found,  both  for  this  position  and  other  positions  which  the  loading 
may  occupy  from  a  reaction  influence  line  NSTU  for  the  main 
span  and  a  line  VIV,  shown  in  the  left-hand  corner,  for  the  panel 
length.  These  forces  XYdind  X'  Y'  are  the  only  external  forces  act- 
ing at  the  left  of  the  section  passing  through  the  members  F,  5^  and 
£,;  therefore  their  resultant  holds  in  equilibrium  the  stresses  in 
these  three  members,  and  these  stresses  may  be  found  by  means  of 
the  method  of  Art.  9. 

At  this  point,  however,  an  approximation,  involving  but  small 
error,  and  that  on  the  side  of  safety  will  be  introduced  and  consists 
simply  in  neglecting  the  panel  reaction  X'  F';  that  is,  instead  of 
taking  the  resultant  of  these  two  external  forces,  which  acts  a  little 
to  the  left  of  the  point  R,  only  the  reaction  XYdX  R  is  taken. 
The  point  A,  which  is  the  intersection  of  the  lines  of  application 
U^  and  S^  is  then  connected  with  the  point  R,  which  is  the  intersec- 
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tion  of  the  lines  of  application  of  Z,  and  XY,  and  the  force  diagram 
PRLK  drawn,  the  line  RL  representing  to  a  much  reduced  scale 
the  ordinate  XY  found  from  the  reaction  influence  line  below  the 
wheel  load  i.  By  means  of  the  proper  scale,  the  maximum  stress 
in  S^  is  thus  found  to  be  a  tension  of  158,000  pounds. 

In  order  to  find  the  minimum  stress,  the  maximun  stress  in  the 
member  5/  situated  in  a  corresponding  position  on  the  other  side 
of  the  center  of  the  truss,  will  be  found.  By  means  of  exactly 
similar  construction  to  that  employed  above,  it  is  found  that  wheel 
load  2  at  panel  point  C  will  cause  a  maximum  stress ;  the  reaction 
is  found  to  be  X"y"and  the  stress  by  means  of  the  polygon 
RPK'U  at  the  right  end  of  the  truss  is  found  to  be  a  compression 
of  50,000  pounds.  In  order  to  avoid  confusion  between  main  and 
counter  stresses,  the  diagrams  for  main  stress  should  always  be 
drawn  at  the  left  end,  and  those  for  the  counter  stresses  at  the  right 
end  of  the  truss. 

As  already  noted,  the  values  of  the  stresses  found  in  this  manner 
are  not  quite  exact;  in  order  to  make  them  absolutely  so,  the 
effect  of  the  small  forces  acting  at  the  left  end  of  any  panel  in  ques- 
tion must  be  included  and  may  be  treated  as  if  existing  independ- 
ently of  the  main  reaction  ;  the  quantity  thus  found  separately 
must  be  added  algebraically  to  the  stress  previously  found  to 
make  the  latter  exact.  For  instance,  in  the  case  of  S^  the  quantity 
X*Y'  is  equal  to  6,500  pounds  acting  downwards  at  C\  passing  a 
section  through  i/,,  S^  and  Z,  it  is  found  that,  due  to  X'Y\  S^  sus- 
tains a  compression  of  7,000  pounds ;  the  exact  stress  in  S^  is 
therefore  158,000—7,000=  151,000  pounds  tension.  The  per- 
centage  of  error  involved  in  the  approximation  is  never  very  large ; 
the  judgment  of  the  designer  must  determine  whether  to  apply 
the  exact  case  or  whether  to  make  the  approximation.  Stresses 
in  the  other  web  members  may  then  be  found  by  similar  methods 
of  procedure. 

There  still  remain  to  be  determined  the  stresses  in  the  chords  ; 
these  stresses  are  found,  precisely  as  in  the  case  of  trusses  with 
parallel  chords,  by  finding  the  maximum  bending  moments  at  the 
various  panel  points,  and  dividing  these  moments  by  the  proper 
lever  arms  for  the  various  chord  members.  For  instance,  to  find 
the  maximum  stress  in  Z,  the  maximum  bending  moment  for  the 
points  is  divided  by  the  distance -^C,  and  the  quotient  is  the  stress 
in  Z,.     In  this  way  all  the  live  load  stresses  may  be  found ;  the 
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dead  load  stresses,  as  usual,  are  to  be  found  by  means  of  the  or- 
dinary force  polygon. 

The  problem  of  finding  the  maximum  chord  stresses  in  trusses 
of  that  kind  in  which  the  center  of  moments  for  any  chord  mem- 
ber does  not  fall  at  a  panel  point  or  in  a  vertical  erected  at  a  panel 
point,  and  the  problem  of  trusses  with  subdivided  panels  still  re- 
mains to  be  considered. 


THE  LATEST  PROGRESS   IN   SHAFT  SINKING.* 

By  CHIEF  ENGINEER   RIEMER. 

The  recent  period  of  financial  expansion,  coupled  with  the  con- 
tinued desire  for  increase  in  the  production  of  coal,  as  well  as  the 
many  recent  developments  of  potassium  salts,  have  within  the  last 
few  years  produced  an  unprecedented  activity  in  shaft  sinking. 
These  conditions  have  naturally  called  forth  earnest  endeavors  to 
improve  and  accelerate  shaft  sinking  methods ;  yet,  in  spite  of  these 
facts  and  of  many  proposed  improvements  and  numerous  new  pat- 
ents, there  have  been  practically  no  fundamental  innovations  pos- 
sessing the  elements  of  success.  It  is  necessary,  therefore,  to  con- 
fine ourselves  to  a  discussion  of  the  various  advances  which  have 
been  made  in  the  methods  already  well  known. 

Considering  first  the  usual  method  of  shaft-sinking  in  hard 
ground,  involving  actual  labor  in  the  bottom  of  the  shaft,  accom- 
panied by  pumping  of  all  water  which  may  be  encountered,  we  find 
that  the  main  improvement  consists  in  the  increasing  application 
of  Tomson's  device  of  bailing  the  water  with  the  hoisting  engine 
instead  of  pumping  it.  This  has  the  great  advantage  that  the  en- 
tire apparatus  is  so  suspended  that  it  can  be  promptly  hoisted  out 
of  the  way,  when  the  shaft  is  to  be  cleared  preparatory  to  blasting, 
and,  in  conjunction  with  good  administration,  has  produced  results 
which  formerly  were  rarely  attainable.  The  daily  progress  quite 
frequently  reaches  2%  meters  (8.2  ft.)  to  3  meters  (9.8  ft.).  Shaft 
No.  5  of  the  Potassium  Works  at  Aschersleben  was  sunk  286.4 
meters  (940  ft.)  in  252  days.  During  that  time  it  was  also  com- 
pletely timbered  and  equipped  with  guides  for  hoisting  purposes. 


*  Translated  by  C.  R.  Corning  and  Robert  Peele  for  School  of  Mines  Quar- 
terly, from  the  "  Report  of  the  Eighth  General  German  Mining  Congress  at  Dort- 
mund," September  11-14,  1901. 
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From  a  depth  of  18.6  meters  (61  feet)  to  216  meters  (708  ft.),  that 
is,  a  distance  of  197.4  meters  (647  ft.),  the  shaft  was  lined  with 
tubbing,  this  portion  being  finished  ready  for  hoisting  in  176  days. 
The  average  progress  to  a  total  depth  of  286  meters  (938  ft)  was 
1. 12  meters  (3.6  ft.)  of  completed  shaft  per  day  ;  the  total  cost,  in- 
cluding tubbing,  bolts,  lead,  concrete  and  wages,  amounted  to 
M.  1,750  (il437)  per  meter  for  the  tubbed  portion  of  the  shaft. 

The  shafts  of  the  Georgs-Marienhuette  near  Werne  in  West- 
phalia were  put  down  through  marls  from  a  depth  of  25  meters 
(82  ft.)  to  459  meters  (1,505  ft),  that  is,  a  total  distance  of  434 
meters  (1,423  ft)  in  nine  months;  making  an  average  of  48.2 
meters  (158  ft.)  per  month  ;  the  maximum  advance  in  one  month 
being  60  meters  (197  ft).  Inclusive  of  the  passing  through  10.6  m. 
(34.8  ft.)  of  quicksand  and  the  safeguarding  of  this  portion  by  means 
of  tubbing,  the  total  time  consumed,  from  surface  to  the  carbon- 
iferous beds  at  a  depth  of  580  meters  (1902  ft),  was  20  months. 
Work  was  begun  September  i,  1899,  and  finished  May  2,  1901. 
The  average  progress  for  this  great  depth  was  consequently  29 
meters  (95  ft.)  per  month.  At  a  depth  of  460  meters  (1,508  ft),  a 
flow  of  150  liters  (40  gals.)  of  water  per  minute  was  encountered, 
and  at  555  meters  (1,820  ft.)  a  second  flow  of  90  liters  (24  gals.) 
per  minute,  between  two  beds  of  green  sand.  This  latter  occur- 
rence rendered  the  sinking  below  that  point  materially  more  diffi- 
cult than  it  had  been  above. 

The  method  first  employed  on  a  large  scale  by  Haniel  &  Lueg 
for  certain  shafts,  and  which  consists  mainly  in  omitting  all  tem- 
porary timbering  and  supporting  the  shaft  walls  by  putting  in  the 
tubbing  as  quickly  as  possible,  has  been  occasionally  used  to  ad- 
vantage.  At  the  present  time,  shaft  No.  2  of  the  ZoUern  mine  is 
being  sunk  in  this  way. 

In  very  difficult  cases,  that  is,  in  ground  which  carries  much 
water  and  is  either  solid  or  slippy,  there  are  still  only  three  ac- 
cepted methods,  which  in  their  adaptability  for  various  cases  over- 
lap more  or  less.  These  are  :  the  old  system  of  drop  shafts,  shaft 
boring  on  the  line  of  the  Kind-Chaudron  method  and  the  freezing 
method.     The  latter  will  not  be  considered  in  this  paper. 

The  difficulties  encountered  in  sinking  have  of  late  years  been 
continually  augmented  by  the  adoption  of  greater  shaft  diameters 
as  well  as  because  of  the  constantly  increasing  depths,  and  the  de- 
velopment of  ore  deposits  covered  by  thick  layers  of  quicksand, 
which  were  formerly  considered  to  be  unworkable. 
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The  System  of  Drop  Shafts. 

The  shafts  being  sunk  at  present  near  Kohlscheid,  Eschweiler, 
Moers,  Sterkrade  and  Holten,  have  each  presented  serious  diffi- 
culties, which  have  been  overcome  by  introducing  the  more  use- 
ful of  the  recent  improvements. 

The  sinking  of  Rheinpreussen  Shaft  No.  3,  between  1892  and 
1895,  which  was  described  by  Bergrath  Luecke  in  the  Preuss, 
Zeitsckrift,  Vol.  49,  forms  an  important  turning  point  in  the  sink- 
ing of  drop  shafts,  because  of  the  fact  that  the  management  em- 
ployed for  the  first  time  and  with  eminent  success  the  device  of 
forcing  down  the  shaft  walling  by  means  of  hydraulic  presses  con- 
nected with  an  accumulator.  This  method  was  advantageously 
employed  later  on  in  all  important  cases  of  a  similar  nature. 

Hugo  Shaft  No.  i,  near  Holten,  was  sunk  from  a  depth  of  70  me- 
ters (230  ft.)  to  170  meters  (557  ft.)  in  7  months,  without  change  of 
diameter,  by  the  Gutehoflfnungshuette.  In  spite  of  its  cast-iron  walls 
being  70  millimeters  (2.8  inches)  thick,  this  shaft  was  unfortunately 
damaged  by  longitudinal  fractures  and  was  ultimately  destroyed 
by  external  pressure.  Many  drop  shafts,  even  small  ones,  have 
suffered  similar  deformation  when  put  down  to  depths  of  only  30 
meters  (98^  ft.)  and  frequently  had  to  be  reenforced,  after  reach- 
ing bed-rock,  by  the  installation  of  new  tubbing. 

Before  proceeding  further,  a  few  remarks  may  be  made  on  the 
probable  causes  of  such  damage,  referring  at  the  same  time  to  the 
case  of  a  small  drop  shaft  which  came  to  my  notice  in  my  capacity 
of  an  expert  in  court.  In  this  case,  investigation  on  the  spot  and 
the  testimony  of  witnesses  showed  that  the  quality  of  the  lining 
left  nothing  to  be  desired,  and  that  its  thickness  was  ample  ac- 
cording to  all  previous  experience.  Nevertheless,  the  shaft  was 
damaged  in  its  lower  portion  by  longitudinal  fractures,  and  by 
buckling  had  lost  its  circular  shape  and  acquired  an  irregular 
cross-section.  This  was  all  the  more  remarkable  as  the  dimen- 
sions were  so  small,  the  diameter  being  but  4J^  meters  (14.7S  ft.) 
in  the  clear  and  the  depth  31  meters  {ioi}4  ft.). 

In  considering  this  case,  But  one  solution  was  possible,  viz. : 
that  movements  must  have  taken  place  in  the  ground  outside  of 
the  shaft  walls,  the  disturbance  having  been  caused  by  the  opera- 
tion of  sinking  itself.  The  ground  in  question  consisted  of  alter- 
nate loose  layers  of  clean  sand  or  more  or  less  clayey  material  and 
hard  beds  of  sandstone.     Inrushes  of  the  soft  material  in  the  bot- 
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torn  of  the  shaft  occurred  several  times  during  the  process  of 
sinking. 

As  to  the  cause  of  such  inrushes,  it  is  obvious  that  when  a  loose 
layer  has  been  reached,  and  the  bottom  of  the  excavation  is  on  a 
level  or  possibly  deeper  than  the  bottom  of  the  lining,  the  unstable 
ground  will  gradually  press  inward  from  under  the  edge  of  the 
shoe.  This  is  the  more  liable  to  occur  because  of  the  difference 
in  specific  gravities  of  the  materials.  In  the  shaft  itself  is  water 
having  a  specific  gravity  of  i.  The  ground  outside,  saturated  with 
water,  has  a  specific  gravity  which  may  be  assumed  as  2.  It 
would,  therefore,  appear  that  the  pressure  from  outside  is  twice  as 
great  as  the  counter-pressure  from  inside,  minus  whatever  portion 
of  the  difference  may  be  counterbalanced  by  the  friction  in  the 
outside  ground  itself. 

When  the  conditions  are  such  that  the  drop  shaft  will  no  longer 
sink  readily,  the  operation  may  sometimes  be  facilitated  by  increas. 
ing  the  depth  of  excavation  at  the  bottom  of  the  shaft,  and  even 
undercutting  the  lower  edge  of  the  shoe ;  though  of  course  such 
a  proceeding  distinctly  invites  an  inrush  of  the  ground  from  out- 
side. As  the  sinking  advances,  the  cavities  behind  the  walls 
which  are  filled  with  water  and  no  longer  with  rock  or  sand,  will 
increase  in  size,  especially  upwards  and  laterally.  This  condition 
of  affairs  will  continue  until  the  cavities,  which  are  naturally  more 
or  less  irregular  in  shape,  reach  a  more  solid  stratum.  Compara- 
tive quiet  may  then  be  expected  for  a  short  period.  Fig.  No.  I 
shows  a  shaft  in  this  condition.  Sooner  or  later,  however,  a  catas- 
trophe is  almost  certain  to  occur,  by  the  giving  way  of  the  firm 
stratum  forming  the  roof  of  the  cavity.  Water  and  mud  or  sand  are 
then  forced  in  large  quantities  into  the  shaft  and  the  walls  are  sub- 
jected to  a  more  less  serious  strain.  At  the  same  time  the  cavity 
is  increased  in  size  and  may  then  break  through  to  the  surface, 
thus  often  endangering  the  surface  plant.  The  shock  of  the  falling 
masses  which  is  transferred  from  the  sloping  sides  of  the  cavity 
directly  against  the  walls  of  the  shaft  is  usually  noiseless,  as  it 
occurs  under  water  and  the  falling  material  is  not  solid.  Nothing 
may  be  seen  of  the  accident  above  ground  except  a  sudden  rise  of 
the  bottom  and  of  the  water  level  in  the  shaft  itself. 

Unfortunately  it  is  impossible  to  calculate  the  various  forces 
which  the  falling  masses  bring  to  bear  on  the  shaft  walls,  since  no 
facts  are  available  on  which  to  base  estimates,  and  the  conditions 
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under  which  such  unstable  material  moves  in  water  are  altogether 
unknown.  Nothing  better  than  an  approximate  estimate  can  be 
made.  Assuming  that  the  water-filled  cavity  be  4  meters  (13.1  ft.) 
wide  in  a  radial  direction,  by  10  meters  (32.8  ft.)  in  height,  and 
that  the  roof  has  dropped  around  one  quarter  of  the  circumference, 
which  is  say  26  meters  (85  ft.),  if  the  thickness  of  the  caved 
ground  be  5  meters  (16.4  ft)  the  volume  would  be  120  cubic 
meters  (156  cb.  yds.).  Allowing  for  the  excess  weight  of  this 
mass  above  the  weight  of  the  water,  it  is  found  to  be  120,000  kilos 
(132  tons),  still  using  the  previous  data  for  the  respective  specific 
gravities.  Assuming  further  that  the  period  covering  the  drop  be 
two  seconds,  as  it  occurs  in  water  and  not  in  the  air,  the  total 

energy  developed  would  be 

• 

120,000  X  10      „         „  ^ 
--    —        -  =  8,000  H.P. 
2  X  75 

As  already  remarked,  this  figure  is  a  very  crude  estimate;  a 
large  part  of  the  shock  will  be  absorbed  by  the  inclined  bottom  of 
the  cavity,  and  we  are  not  dealing  with  a  compact  body.  It  is, 
therefore,  probable  that  only  a  fraction  of  the  above  energy  would 
be  really  expended  against  the  walls  of  the  shaft.  However,  no 
matter  how  small  the  estimated  force  may  be,  there  will  still  remain 
sufficient  to  furnish  an  impressive  idea  of  the  possible  strain  on  the 
shaft  walls  under  such  conditions.  A  further  indication  of  the  large 
forces  involved  in  such  occurrences  is  found  in  the  fact  that  the 
bottom  of  the  shaft  and  the  water  level  frequently  rise  suddenly 
many  meters.  In  one  case  which  came  under  my  observation, 
this  rise  amounted  to  22  meters  (72  ft.),  and  in  another  case  where 
the  level  of  the  water  was  very  low,  the  compression  of  the  air 
above  it  forced  the  shaft  scaffoldings  to  the  surface,  injuring  a 
number  of  people. 

With  these  facts  in  mind,  it  no  longer  seems  surprising  that  in 
spite  of  the  increased  thickness  and  strength  of  wall  (90  milli- 
meters  (3.6  inches)  have  already  been  used),  damaged  drop  shafts 
still  occur,  particularly  as  the  efficiency  of  the  thicker  walls  is  re- 
duced by  an  accompanying  increase  of  the  diameter  of  the  shafts 
themselves.  Any  further  material  increase  in  thickness  is  inad- 
visable, partly  on  account  of  the  expense  and  partly  because  of 
the  difficulty  in  handling  the  individual  pieces.  The  use  of  some 
other  material,  for  instance,  cast  steel  instead  of  cast  iron,  would 
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be  three  times  as  expensive  and  not  of  much  advantage.  The  rela- 
tive strength  of  the  metal  is  the  main  question,  and  cast  steel  for 
this  kind  of  work  is  not  much  superior  to  cast  iron.  It  is  conse- 
quently essential  that  such  falls  as  are  referred  to  above  should  be 
prevented  by  taking  care  during  the  process  of  sinking  that  the 
lower  edge  of  the  shoe  be  always  in  unbroken  ground,  that  is,  kept 
as  far  as  possible  below  the  actual  bottom  of  the  shaft  This  can 
only  be  accomplished  by  means  of  strong  presses  to  force  the  wall 
downwards.  Unfortunately,  when  sinking  in  soft  material,  the 
miner  lacks  any  reliable  check  on  the  amount  of  ground  removed. 
He  is  unable  to  tell  whether  or  not  some  of  the  material  has  come 
from  behind  the  walls  of  the  shaft,  as  he  has  no  safe  guide  as 
to  the  volumetric  relation  between  the  ground  in  place  and  the 
ground  as  dumped  on  the  surface.  It  is  for  this  reason  that, 
although  the  danger  may  be  diminished  by  applying  hydraulic 
jacks,  it  can  never  be  completely  eliminated ;  and  hence  also  arises 
the  necessity  for  persistent  attempts  to  increase  the  strength  of  the 
drop  shaft  itself. 

It  would  appear  that  such  increase  of  strength  can  be  attained 
only  by  means  of  improved  construction.  The  lines  along  which 
this  should  take  place  lie  in  an  increase  of  the  mass  of  the  drop 
shaft  and  its  inertia ;  if  possible,  however,  without  any  increase  in 
the  weight  of  iron  employed. 

On  the  suggestion  of  General  Manager  Pattberg,  a  composite 
drop  shaft  of  iron  and  masonry  or  concrete,  was  patented  by  Haniel 
&  Lueg.  Its  essential  feature  is  the  interpolation  of  broad,  stiff 
strengthening  rings  between  the  ordinary  sections  of  lining.  These 
are  intended  to  prevent  a  deformation  of  the  circular  shaft  In 
the  lower  part  of  the  shaft,  where  the  danger  is  most  serious,  these 
rings  are  placed  at,  say,  every  3  meters  (9.8  ft.).  Further  up  they 
are  spaced  respectively  4j^  meters  (14.7  ft),  6  meters  (19.7  ft)  or 
9  meters  (29.5  ft.).  These  wide  rings  project  somewhat  on  the  in- 
side of  the  shaft  beyond  the  flanges  of  the  rings,  imparting  con- 
siderable extra  strength.  They  are  tied  together  by  bolts,  and  the 
spaces  between  them  are  filled  with  masonry  or  concrete,  so  that 
the  inner  surface  of  the  drop  shaft  becomes  a  smooth  cylinder.  This 
masonry  itself  forms  a  material  factor  in  the  strengthening  of  the 
shaft,  supporting  the  iron  walls  and  furnishing  an  advantageous 
increase  in  the  weight. 

The  walls  of  such  shafts  are  naturally  thicker  than  those  com- 
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posed  of  ordinary  iron  rings,  and,  so  far  as  thickness  is  concerned, 
occupy  a  place  between  shafts  all  of  iron  and  those  purely  of  ma- 
sonry. While  this  increased  thickness  of  the  walls  is  disadvan- 
tageous, especially  when  great  depths  make  the  telescoping  of 
several  successive  linings  desirable,  it  is,  however,  a  rule  that 
these  heavy  drop  shafts  can  be  carried  deeper  than  the  ordinary 
iron  ones.  This  process  was  adopted  at  Rheinpreussen  shafts 
Nos.  4  and  5,  as  shown  on  Plate  I. 

Conjointly  with  these  improvements  in  shaft  construction,  at- 
tempts have  been  made  to  increase  the  amount  of  material  hoisted 
in  a  given  time.  These  were  the  more  important,  as  experience 
shows  that  by  forcing  the  drop  shaft  down,  almost  any  desired 
progress  can  be  obtained.  Theoretically,  the  progress  made  is  as 
rapid  as  can  be  equalled  in  the  work  of  putting  the  lining  rings  in 
place,  and  as  it  is  quite  feasible  with  good  management  to  put  in 
three  rings,  equal  to  4^  meters  (14.7  ft), in  24  hours,  this  maybe 
considered  as  an  easily  attainable  speed  of  sinking  for  drop  shafts, 
providing  the  hoisting  can  keep  pace  with  it.  Unfortunately,  we 
are  still  far  from  this  ideal,  although  considerable  progress  has 
been  made. 

As  to  the  various  methods  of  excavation  which  depend  on  the 
use  of  the  old  sack  borer,  the  dredge,  the  endless  bucket  chain  or 
pumps  run  by  water,  air  or  steam,  details  may  be  omitted  concern- 
ing the  dredge  and  chain  of  buckets,  because,  so  far  as  I  know,  no 
improvements  in  these  directions  have  recently  been  made. 

The  old  sack  borer,  which  was  always  used  when  other  methods 
failed,  as  it  worked  successfully  although  slowly  in  all  kinds  of  soft 
formations,  has  recently  been  greatly  improved  by  the  devices  intro- 
duced by  Sessenberg  &  Clermont.  The  small  efficiency  of  the  old 
sack  borer  was  due  mainly  to  the  fact  that  to  empty  the  sacks  the 
entire  string  of  rods  as  well  as  the  borer  had  to  be  raised  to  the 
surface.  This  process  consumed  much  time  and  labor,  and  in  deep 
shafts  greatly  reduced  the  capacity.  Sassenberg  &  Clermont  so 
modified  the  apparatus  that  the  sacks  could  be  hoisted  to  the  sur- 
face by  the  engine  without  disturbing  the  borer  and  rods.  This 
makes  it  possible,  in  sinking  a  deep  shaft,  to  raise  and  empty  the 
sacks  in  a  few  minutes  where  hours  were  formerly  consumed. 
Plate  II.  shows  the  new  borer  as  employed  in  the  Adolfschaft  at 
Eschweiler,  a  photographic  reproduction  of  the  borer  and  sacks 
being  given  also  on  Plate  III.     It  is  patented  in  Germany  under 
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No.  96,015,  and  has  been  used  with  success  both  at  Kohlscheid 
and  at  the  Adolfschaft  near  Alsdorf. 

Previous  to  this  improvement,  Jacob!  in  Sterkrade  had  recognized 
the  defects  of  the  old  sack  borer,  and  had  constructed  another  (patent 
No.  95,941),  which,  although  it  worked  on  a  similar  principle,  had 
no  sacks  attached.  The  loosened  material  is  hoisted  to  the  surface 
by  means  of  a  sand  pump  through  the  center  of  the  hollow  drill 
rods  (see  Figs.  2  to  4).  The  borer  itself  can  thereforework  un- 
interruptedly. This  apparatus  was  devised  for  the  Hugo  and 
Sterkrade  shafts,  but  was  not  used  as  the  ground  to  be  penetrated 
was  found  to  be  suitable  for  dredging. 

The  use  of  pumps  for  raising  the  loosened  material  and  water 
has  been  adopted  with  increasing  frequency.  They  work  either  as 
elevators  run  by  water  or  steam,  or  are  of  the  type  of  the  so-called 
Mammoth  pump.  The  operation  of  the  latter  is  based  on  the 
fact  that  if  compressed  air  is  forced  into  a  pipe,  open  at  both  ends, 
through  a  smaller  pipe  which  runs  down  sufficiently  deep  below 
the  water  level,  the  air  will  rise  in  bubbles,  and  so  create  a  fluid  con- 
sisting of  a  mixture  of  air  and  water,  the  specific  gravity  of  which 
is  less  than  that  of  water  alone.  This  mixture  will  then  be  forced 
upward  by  the  pressure  of  the  water  outside  of  the  exterior  pipe 
and  will  be  discharged  at  the  top.  If  the  compressed  air  be  ad- 
mitted continuously,  the  pump  will  remain  in  action  and  forms  an 
extremely  valuable  apparatus  for  the  elevation  of  water  carrying 
sand,  slimes,  gravels,  etc.,  as  there  are  no  valves  or  other  moving 
parts  subject  to  injury.  This  device  is  very  old  and  was  probably 
first  suggested  by  W.  Siemens.  It  has  been  built  in  several  forms 
by  Borsig  in  Berlin.*  F.  Honigmann,  in  Aachen,  also  took  out  a 
patent,  in  which  the  drill  rods  were  utilized  as  a  pump  column. 
Plate  I  shows  the  arrangement  as  installed  at  the  Rheinpreussen 
shafts  Nos.  4  and  5. 

A  difficulty  which  is  often  encountered  when  drop  shafts  are 
used,  and  which  necessitates  care  in  deciding  upon  the  proper  di- 
ameter, is  the  tendency  of  the  shaft  to  deviate  from  the  vertical. 
Although  this  tendency  can  be  reduced  by  employing  hydraulic 
jacks  and  other  safeguards  shown  in  Plate  II.,  it  would  neverthless 
be  most  desirable  to  eliminate  it  completely.  The  chief  cause  of 
the  trouble  is  analogous  to  that  which  tends  to  produce  deflection 

*  An  adaptation  of  this  principle  is  employed  also  in  the  well-known  Pohle  com- 
pressed air  pump.     (Translators. ) 
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of  all  rotating  drills.    The  claw  dredge  and  the  methods  of  sluicing 
in  use  offer  no  greater  security  that  the  shaft  will  be  vertical. 

As  it  is  well  known  that  the  percussion  drill  is  less  likely  to  de- 
flect from  the  vertical,  Pattberg  recently  adopted  this  system  for 
drop  shafts,  the  bottom  of  the  shaft  being  kept  clean  by  using 
water  under  pressure  and  the  cuttings  or  sludge  removed  by  means 
of  a  compressed  air  pump.  The  drill  is  made  as  light  as  possible 
and  is  operated  by  means  of  rods  actuated  by  a  patent  arrange- 
ment of  oscillating  drums.     This  process  is  similar  to  that  which 


Fic.  3. 
is  in  general  use  for  boring  holes  of  small  diameter,  the  strokes 
being  short  and  delivered  in  quick  su;cession.     The  plant  is  well 
shown  in  Plate  I.,  and  a  record  of  the  results  may  soon  be  expected 
from  shafts  4  and  S  at  Rheinpreussen, 

Honigmann's  system  of  boring  shafts,  concerning  which  but  few 
reliable  data  have  so  (ar  been  published,  belongs  to  the  same  cate- 
gory. In  reply  to  questions,  Mr.  Honigmann  stated  that  at  Lim- 
burg  near  Heerlen,  two  shafts,  respectively  3.3  meters  (10.8  ft.)  and 
2.8  meters  {9.2  ft.)  in  diameter,  had  been  put  down  to  a  depth  of 
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97  meters  (318  ft.)  and  lined  with  iron  cylinders.  Two  other  shafts, 
each  39  meters  (12.8  ft.)  in  diameter,  have  been  successfully  sunk 
to  a  depth  of  130  meters  (426  ft.)  at  Carl  near  Limburg.     They 
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also  were  lined  with  plate  iron  cylinders  of  15  to  20  millimeters 
(0.6  to  0.8  inch)  thickness,  with  interior  stiffeners  of  channel  iron. 
At  Nordstein  near  Aachen,  a  similar  shaft  5.7  meters  (18.7  ft.)  in 
diameter,  has  been  sunk  to  a  depth  of  77  meters  {252  ft.)  and  simi- 
larly lined. 
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Of  the  more  important  works  carried  out  by  means  of  drop 
shafts  with  hydraulic  jacks,  the  following,  of  which  I  give  only  the 
main  data,  may  be  of  interest: 

I.  SAaft  Hugo  at  Holten,  Belonging  to  the  Gutehoffnungshuette, 

This  was  commenced  with  a  drop  shaft  7.2  meters  (23.6  ft.)  in 
the  clear.  It  was  first  put  down  to  a  depth  of  20  meters  (65.6  ft.) 
below  the  level  of  the  ground  water,  after  which  sinking  in  the 
bottom  of  the  shaft  was  begun,  and  tubbing  inserted  measuring 
6.72  meters  (22.1  ft.)  inside  diameter.  This  was  continued  to  a 
depth  of  80  meters  (262  ft.).  The  sump  of  the  shaft  was  then  con- 
creted up  to  65  meters  (213  ft.)  below  the  surface  and  the  installa- 
tion of  an  iron  drop  shaft,  6.08  meters  (20.0  ft.)  in  the  clear  begun. 
The  latter  was  carried  down  to  a  depth  of  175  meters  (574  ft.),  and 
after  filling  the  bottom  with  concrete,  was  pumped  dry.  The  shaft 
lining  buckled,  however,  and  was  ultimately  completely  ruined  be- 
cause of  excessive  pressure,  the  shaft  finally  being  abandoned.  . 

2.  Sterkrade  Shafts  in  the  Same  Field, 

This  also  was  begun  with  a  drop  shaft  7.2  meters  (23.6  ft.)  inside 
diameter,  and  was  forced  down  by  pneumatic  jacks  for  a  distance 
of  17  meters  (55.7  ft.);  sinking  was  carried  on  by  hand  and  ma- 
sonry inserted  in  sections  to  a  depth  of  40  meters  (131  ft).  The 
inside  diameter  of  the  masonry  walling  was  also  7.2  meters  (23.6 
ft.).  Work  was  then  continued  with  an  iron  drop  shaft  6.72  meters 
(22  ft.)  in  the  clear  to  a  depth  of  80  meters  (262  ft.),  at  which  point 
the  shaft  stuck.  A  second  iron  drop  shaft,  5.9  meters  (19.3  ft.) 
diameter  (telescoping  inside  of  the  first)  was  successfully  com- 
pleted to  a  depth  of  132  meters  (433  ft.),  where  the  water  was  shut 
out  in  a  clay  formation.  After  the  unfortunate  experiences  at  the 
Hugo  shaft,  it  was  considered  advisable  to  put  in  still  another  drop 
shaft,  5.1  meters  (16.7  ft.)  in  the  clear.  This,  too,  stuck  at  a  depth 
of  136^  meters  (448  ft),  but  the  ground  proved  favorable  and 
sinking  was  continued  to  a  depth  of  164  meters  (538  ft).  The 
shaft  was  lined  to  140  meters  (459  ft.)  with  iron  tubbing,  and  from 
there  to  the  bottom  with  masonry.  At  present  the  guides  and 
other  shaft  equipment  are  being  installed,  and  it  is  intended  to 
continue  the  sinking  in  the  hard  ground. 

3.  Hugo  Shaft  No.  2  at  Holten,  in  the  Same  Field, 

In  order  to  replace  shaft  No.  i  which  had  collapsed,  a  new  one 
was  commenced  similar  to  the  above  in  all  particulars  except  that. 
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instead  of  tubbing,  masonry  walling  was  put  in  in  sections.  The 
drop  shaft  had  an  inside  diameter  of  7.2  meters  (23.6  ft),  and  was 
sunk  to  a  depth  of  20  meters  (65.6  ft)  below  water  level.  From 
here  on  work  was  continued  by  hand,  and  masonry  walling  built 
in  to  a  depth  of  70  meters  (229.5  ft.).  At  61  meters  (200  ft.)  an 
iron  drop  shaft  was  built  up  on  a  concrete  base.  This  had  a  di- 
ameter of  5.8  meters  (19  ft)  in  the  clear  and  by  the  end  of  July 
last,  attained  a  total  depth  of  162^  meters  (533  ft.)  at  which  point 
it  refused  to  sink  farther.  It  may  be  assumed  that  the  shaft  has 
reached  a  point  where  the  water  can  be  shut  out,  but  to  avoid  un- 
necessary risk  at  such  great  depths,  it  has  been  decided  to  insert 
another  and  smaller  drop  shaft  inside  the  present  one.  The  material 
was  hoisted  in  all  three  of  the  above  shafts  by  means  of  a  claw  dredge, 
for  which  the  ground  was  admirably  adapted.  For  this  reason  the 
borer  designed  by  Manager  Jacob!  was,  as  remarked  above,  not 
brought  into  use.  This  is  to  be  regretted,  as  experience  with  this 
apparatus  is  up  to  the  present  time  lacking. 

In  order  to  break  through  the  concrete  plug  in  the  sump,  a  drill- 
ing plant,  based  on  the  Kind-Chaudron  system,  was  used  for  the 
first  time  on  the  advice  of  Director  Kocks.  The  steel  shoe  of  the 
drop  shaft  always  succeeded  in  clearing  off  the  small  shelf  of  con- 
crete left  by  the  borer.  All  necessity  for  using  concrete  in  the 
bottom,  which,  at  great  depths  and  large  shaft  diameters,  may  prove 
unsatisfactory,  is  thereby  reduced  to  a  minimum. 

4.    Shaft  at  Gemeinschaft,  Belonging  to  the  Consolidated  Company  in 

the  Wurm  District  near  Kohlscfieid. 

This  work  was  also  begun  with  a  drop  shaft  6.7  meters  (22  ft.) 
diameter,  which  was  lowered  to  a  depth  of  18}^  meters  (60.7  ft.) 
below  water  level.  Thereupon  a  first  iron  drop  shaft,  6  meters 
(19.7  ft)  in  the  clear,  was  put  in,  and  continued  to  a  depth  of  67  J^ 
meters  (221  ft).  A  second  drop  shaft,  5  meters  {16.4  ft)  in  the 
clear,  afterwards  reached  a  depth  of  102  meters  (334.5  ft).  At 
present  a  third  shaft,  4.3  meters  (14.1  ft)  in  diameter,  is  being  sunk, 
and  it  is  hoped  to  reach  hard  ground  at  a  depth  of  140  meters 
(459  ft.).  It  is  now  down  to  1 10  meters  (361  ft.).  The  claw  dredge 
was  used  at  first,  but  as  the  ground  is  very  fine  grained  and  hard 
to  excavate  (though  at  the  same  time  inclined  to  sudden  inrushes), 
the  old  sack  borer  has  been  brought  into  use.  In  order  to  increase 
the  efficiency  of  the  latter,  detachable  sacks  were  used,  although  at 
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first  with  no  great  success.  The  entire  apparatus,  including  rods, 
was  buried  to  a  depth  of  1 3  meters  (42.5  ft.)  by  a  break  in  the  shaft 
bottom;  it  was  subsequently  recovered  by  means  of  a  Mammoth 
pump.  The  results  obtained  by  this  pump  were  so  favorable  that 
the  management  intends  to  continue  experiments  with  it  in  future 
sinking,  although  at  the  present  they  are  using  the  claw  dredge. 

5.  Adolf schaft  at    Alsdorf,   Belonging    to   the    Eschweiler  Mining 

Cofupany,     (See  Plate  IL) 

At  this  point  the  ground  water  level  is  at  a  considerable  depth 
below  the  surface.  The  work  was  consequently  commenced  by 
means  of  a  masonry  wall,  which  was  not  constructed  on  the  principle 
of  a  drop  shaft.  It  was  extended  to  a  depth  of  32  meters  (105  ft.) 
with  a  diameter  of  y."/  meters  (25.2  ft.)  in  the  clear.  The  iron 
drop  shaft  inserted  inside  the  walling  has  but  7.1  meters  (23.3  ft.) 
clear  diameter,  and  it  is  proposed  to  sink  it  to  a  depth  of  90  meters 
(295  ft).  The  diameters  are  so  chosen  that  a  second  shaft  of 
smaller  diameter  can  be  sunk  inside  the  first,  should  it  become 
necessary.  At  present  the  shoe  of  the  drop  shaft  is  at  a  depth  of 
60  meters  (197  ft.)  and  work  is  progressing  favorably  by  means  of 
the  sack  borer  with  detachable  sacks.  This  admits  of  hoisting  a 
pair  of  sacks  every  30  minutes,  loaded  with  i  to  i  J^  cubic  meters 
(1.3  to  2  cu.  yds.)  of  excavated  material.  It  is  therefore  quite 
possible  to  excavate  48  to  50  cubic  meters  (62.5  to  65  cu.  yds.)  of 
ground  per  24  hours,  equivalent  to  an  average  of  i  meter  (3.28  ft.) 
in  depth  of  shaft.  On  August  6,  when  1  visited  the  shaft,  1.2 
meters  (3.9  ft.)  had  been  made  in  24  hours,  and  the  apparatus 
appeared  to  be  working  satisfactorily.  The  average  monthly 
progress,  including  all  delays,  was  6  to  7^  meters  (19.7  to  24.5  ft.) 

6.   T/ie  New  Shaft  of  the  Thiederhall  Company, 

This  work  also  was  started  with  a  masonry  wall,  8  meters  (26.2 
ft.)  in  the  clear,  and  which  it  is  proposed  to  continue  to  a  depth 
of  25  meters  (82  ft.).  The  inside  iron  drop  shaft  is  to  have  a 
diameter  of  6.4  meters  (21  ft.)  and  will  have  to  be  sunk  to  a 
depth  of  55  meters  (180  ft.)  to  reach  solid  ground.  Excavation  is 
carried  on  by  means  of  the  claw  dredge. 

7  and  8.  Rfuinpreussen  Shafts  4.  and  j,  near  Moers. 

These  two  shafts,  each  of  which  must  be  sunk  about  160  meters 
(524  ft.)  to  reach  the  carboniferous  formation,  were  commenced 
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with  drop  shaft  walls  8.9  meters  (29.2  ft.)  in  the  clear,  reaching  to 
a  depth  of  25  meters  (82  ft).  Concrete  plugs  were  placed  in  the 
bottom.  After  they  had  hardened,  the  rings  to  serve  as  a  base  for 
hydraulic  jacks  were  built  in,  and  the  drop  shaft  narrowed  to  a  di- 
ameter of  7.8  meters  (25.6  ft.)  by  masonry  built  up  on  these  rings, 
which  served  the  purpose  of  supporting  the  guides  and  pressure 
ings.  This  work  was  carried  out  with  such  solidity  that  a  pres- 
sure of  3,000  tons  can  be  exerted  if  necessary.  The  composite 
shafts  of  iron  and  masonry  which  were  then  built  inside  of  the 
drop  shafts  themselves,  have  6]4  meters  (21.3  ft.)  inside  diameter, 
and  are  provided  with  unusually  heavy  shoes. 

The  ground  is  broken  by  means  of  a  drill,  which  is  so  arranged 
that  water  under  pressure  can  be  fed  to  it  through  the  hollow  drill 
rods.  This  water  flows  out  around  the  chisels  near  the  bottom, 
stirs  up  the  drillings  and  carries  them  away.  At  the  lowest  part 
of  the  inverted  conical  sump,  two  compressed  air  pumps,  which 
are  attached  one  on  each  side  of  the  drill  rods,  raise  to  the  surface 
the  water  and  drillings.  At  the  collar  of  the  shaft  an  ingenious 
swivel  coupling  is  provided  for  the  introduction  of  the  compressed 
air  and  water  under  pressure  during  the  rotary  movement  of  the 
drill.  The  drill  itself  is  operated  by  a  machine  with  oscillating 
drums  patented  under  No.  104,158.  To  reduce  shocks,  it  is  also 
provided  with  a  pneumatic  buffer,  patented  under  No.  105,931.  The 
drill,  etc.,  is  suspended  by  a  flat  rope,  which  is  carried  over  a  sheave 
at  the  top  of  the  headgear  and  is  attached  to  the  above-mentioned 
swivel  coupling.  The  entire  plant  worked  without  trouble  from 
the  start.  The  apparatus  is  patented  under  No.  124,052.  (Details 
are  shown  on  Plate  II.) 

As  already  stated,  all  these  shafts  are  arranged  for  using  hy- 
draulic jacks  and  accumulators,  as  well  as  rigid  guide  shoes  work- 
ing on  the  square  tie  bolts  as  guide  rods.  This  latter  arrangement 
is  patented  under  No.  91,572  and  has  proven  most  satisfactory  in 
maintaining  the  verticality  of  the  shaft. 

At  present  a  considerable  number  of  shafts  of  the  very  largest 
dimensions  are  being  put  down  by  the  drop  shaft  method.  Many 
more  examples  might  be  cited,  the  above  having  been  selected 
either  because  of  unusual  dimensions,  or  as  exemplifying  note- 
worthy improvements  in  plant  or  method. 
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Shaft  Sinking  by  Boring. 

Interest  in  the  boring  of  shafts  by  the  Kind-Chaudron  method 
was  not  awakened  in  Germany  until  General  Manager  Schultz 
Briesen  described  the  sinking  of  the  Dahlbusch  shafts  by  this 
means.  At  that  time  this  method  had  been  successfully  employed 
for  1 8  shafts  in  France,  12  in  Belgium,  4  in  England,  5  in  Lorraine 
and  5  in  Westphalia.  All  of  the  shafts  put  down  in  Westphalia  be- 
long to  the  Dahlbusch  Company,  which  may  consequently  claim  the 
honor  of  having  been  the  introducer  of  this  system.  The  depths  of 
the  various  shafts  vary  from  88  to  117  meters  (288  to  384  ft.). 
In  most  of  them  marls  were  encountered,  which  drilled  easily  and 
permitted  of  rapid  work.  Since  that  time,  22  more  shafts  have  been 
sunk  by  this  method  in  Germany.  In  none  of  these  shafts  was 
drilling  commenced  until  a  certain  depth  had  been  reached  and  the 
difficulties  had  so  increased  that  all  other  methods  had  either  failed 
or  offered  no  prospect  of  success.  The  Kind-Chaudron  system 
proved  most  successful  in  all  cases,  and  up  to  the  present  time 
has  always  been  unqualifiedly  satisfactory,  in  that  no  shaft  in  which 
it  was  used  has  been  abandoned.  In  one  case  alone  was  the  bor- 
ing not  completely  carried  out.  This  was  the  Segengottes  shaft 
at  Mansfeld,  it  being  demonstrated  there  that  the  system  was  un- 
necessary. General  Manager  Tomson  deserves  great  credit  for  his 
advocacy  of  this  system,  since  by  its  adoption  he  was  enabled  to 
complete  shafts  I  and  2  at  Gneisenau.  In  shaft  No.  I  water  was 
encountered,  between  1882  and  1885,  at  a  depth  of  240.6  meters 
{7S7  ft).  In  shaft  2  a  similar  flow  was  met  with,  between  1884 
and  1886,  at  a  depth  of  244  meters  (800  ft).  A  closed  top  on  the 
tubbings,  allowing  them  to  be  shortened,  was  also  used  here  for  the 
first  time.  Both  shafts  were  sunk  to  105  meters  (344  ft.)  by  hand, 
and  then  abandoned  on  account  of  large  inflow  of  water. 

Between  1884  and  1887,  the  Clotilde  shaft  at  Mansfeld ;  between 
1887  and  1889,  shaft  2  of  the  salt  works  at  Leopoldshall  and  shaft 
I  at  Thiederhall,  near  Brunswick,  were  put  down  by  the  Kind- 
Chaudron  system.  The  latter  shaft  is  particularly  interesting,  as 
the  difficulties  encountered  were  very  great  and  the  water-bearing 
strata  continued  down  to  the  top  of  the  rock  salt  strata.  At  that 
point  for  the  first  time  the  waters  were  successfully  dammed  back 
an  achievement  which  previously  had  not  been  considered  possible 
in  this  formation. 


378  THE    QUARTERLY. 

In  1 891  the  commercial  demands  on  the  coal  industry  in  West- 
phalia became  more  urgent,  resulting  in  increased  output  and  the 
sinking  of  correspondingly  larger  shafts.  Up  to  this  time  circular 
drop  shafts  and  tubbing  linings  could  not  be  made  larger  than  3.65 
meters  (12  ft.)  diameter  in  the  clear,  on  account  of  the  conditions 
prevailing  in  the  iron  works  and  on  the  transportation  routes.  This 
is  probably  one  of  the  main  reasons  why  the  mining  companies  did 
not  attempt  boring  or  drilling  if  any  other  means  were  possible. 
Complying  with  the  needs  of  the  industry,  the  firm  of  Haniel  and 
Lueg,  at  the  suggestion  of  General  Manager  Tomson,  devised  a 
modification  of  their  railroad  equipment  for  the  carriage  of  shaft 
tubbing,  so  that  rings  4.1  meters  (135  ft.)  in  the  clear  and  1.2 
meters  (39.  ft.)  in  height  might  be  conveyed  through  the  normal 
section  of  the  railroads. 

By  this  means  and  by  sectionalizing  the  outside  ring  of  the 
moss-box  (a  proceeding  also  suggested  by  Tomson),  it  became 
possible  to  begin  the  tubbing  of  shaft  i  of  the  Preussen  mine  with 
a  clear  diameter  of  4.1  meters  (13.5  ft.)  and  that  between  the  depths 
of  250  and  342  meters  (820  and  1,120  ft).  The  increased  diameters 
and  the  continually  greater  depths  of  the  shafts  forced  the  manage- 
ment to  drilling  apparatus  of  stronger  and  better  construction.  In 
place  of  the  old  walking  beam  of  oak  reenforced  with  iron 
bands,  a  built-up  iron  beam  was  adopted,  and  although  the  other 
parts  of  the  plant  required  but  little  change  in  general  construc- 
tion, it  had  to  be  materially  strengthened.  The  diameter  of  the 
preliminary  boring  trepan  was  increased  from  1.4  to  2.5  meters 
(4.6  to  8.2  ft.)  and  that  of  the  enlarging  trepan  to  4.8  meters  (15.75 
ft.).  Its  construction  was  also  modified  in  the  sense  of  affording 
greater  resistance  to  the  constant  shocks  incidental  to  the  work. 
The  drill  rods,  which  frequently  had  a  length  of  16  meters  (52.5 
ft.),  were  made  20  meters  (65.5  ft.)  long,  in  order  to  accelerate  the 
operation  of  lowering  and  raising  them.  An  important  change 
was  also  made  in  the  method  of  installing  the  tubbing.  In  the 
more  shallow  shafts,  this  was  done  with  six  winches  which  were 
placed  in  the  shaft  house  or  headgear,  and  were  provided  with  rods 
for  supporting  the  tubbing  rings.  For  deep  shafts  this  arrange- 
ment would  have  necessitated  six  sets  of  very  long  rods  and  would 
have  been  very  expensive.  At  Preussen,  therefore,  after  the  tub- 
bings had  been  fitted  with  their  cover,  this  was  provided  with  a  sort 
of  hook  which  was   originally  constructed   by  Chastelier,  Chief 
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Engineer  of  the  Societe  Kind-Chaudron  and  had  been  in  use  at 
Ghlin.  In  this  way  the  tubbings  were  lowered  by  means  of  the 
main  drill  rods  and  cable.  Latterly,  this  hook  has  been  used  in 
connection  with  all  large  enterprises  of  this  character. 

Some  of  the  details  of  a  few  of  the  more  characteristic  enter- 
prises may  now  be  presented. 

Drilling  of  the  Potassium  Mine  Shafts  at  Jesseniiz, 

This  shaft,  begun  in  1893  by  the  Mecklenburg  Potassium  Works, 
has  probably  consumed  more  time  in  its  construction  than  any 
other  sunk  in  recent  years.  The  company  has  prosecuted  the 
work  with  iron  persistence  and  at  an  enormous  expense.  The 
shaft  itself  is  of  great  interest  because  of  the  unusual  difficulties 
encountered  and  the  ingenious  devices  employed  in  combating 
them.  The  following  formation  had  to  be  traversed  : 
o  to  19  meters  (0-62.3  ft.)t  sand. 
19  to  33  meters  (62.3-108.0  ft.),  mixed  gravel;  in   part  fine,  in 

part  coarse. 
36  to  43  meters    (108-141.0  ft),  gypsum  with   interbeddings  of 

sand. 
43  to  68  meters  (141-223.0  ft),  gypsum ;  both  hard  and  soft 
68  to  142  meters  (223.0-466  ft),  hard  gypsum. 
142  to  146  meters  (466-478  ft.),  cavernous  gypsum  with  clay. 
146  to  153  meters  (478-502  ft),  fissured  sandstone. 
153  to  270  meters  (502-885  ft.),  gypsum  with  anhydrite. 
Below  270  meters  (885  ft),  rock  salt. 

In  the  upper  water-bearing  strata,  the  Poetsch  freezing  method 
was  used.  After  the  ground  had  been  frozen,  sinking  was  begun 
and  continued  successfully  to  a  depth  of  75  meters  (246  ft.).  At 
this  point  the  first  wedging  crib  was  placed  and  upon  it  German 
tubbing  built  in  up  to  the  collar  of  the  shaft.  Ordinary  sinking  by 
hand  was  then  resumed.  The  second  wedging  crib  was  set  at  89 
meters  (292  ft)  as  the  upper  one  allowed  an  inflow  of  20  liters  (5.3 
gals.)  of  water  per  minute  after  the  ground  had  thawed  out  On 
this  a  second  series  of  tubbing  rings  was  started  and  carried  up  to 
the  surface,  entirely  shutting  out  all  water,  so  that  the  shaft  was 
sunk  dry  to  a  total  depth  of  130  meters  (427  ft).  From  there  on 
down  the  more  fissured  and  water-bearing  strata  of  rock  were  to 
be  encountered,  as  had  been  demonstrated  by  the  preliminary  bor- 
ings.    As  the  entire  apparatus  for  the  freezing  process  was  still  on 
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hand,  the  management  decided  to  utilize  it  in  freezing  the  ground 
from  130  to  175  meters  (427  to  574  ft.)  in  depth.  The  pipes  for 
the  freezing  mixture  were  put  down  close  to  the  shaft  and  at  equal 
distances  from  one  another.  They  were  170  millimeters  (6.7 
inches)  inside  diameter,  by  10  millimeters  (0.39  in.)  thick  and  sunk 
to  the  total  depth  of  175  meters  (574  ft).  The  result  was  unsuc- 
cessful ;  in  the  subsequent  sinking  the  frozen  ground  proved  not  to 
be  water-tight  and  the  shaft  consequently  filled  with  water.  At- 
tempts were  then  made  to  continue  work  by  pumping  the  water, 
two  large  pumps  being  installed  with  a  capacity  of  40  cubic 
meters  (10,500  gals.)  of  water  per  minute.  Notwithstanding  the 
outmost  efforts,  a  depth  of  1 50  meters  (494  ft.)  could  not  be  reached. 
Although  pumping  was  continued  for  several  weeks  with  this  large 
equipment,  no  other  result  was  obtainable  than  that  the  water  level, 
which  at  times  stood  but  8  meters  (26  ft.)  below  the  collar  of  the 
shaft,  was  lowered  to  40  meters  (131  ft.)  below  the  same  point. 

After  ten  years  of  vain  efforts,  it  was  finally  decided,  in  view  of 
the  impossibility  of  securing  satisfactory  progress,  to  finish  the 
shaft  by  drilling.  Unfortunately,  the  water  had  driven  the  crew 
out  of  the  shaft  sump  before  they  could  remove  the  tools.  These, 
together  with  buckets,  and  other  articles  of  iron  and  wood,  had 
been  left  in  the  bottom,  besides  the  freezing  pipes,  of  which  35 
meters  (115  ft.)  were  still  in  the  ground  below  the  sump.  The 
management  was  very  desirous  of  removing  these  latter  as  they 
felt  that  they  would  be  much  in  the  way  of  drilling. 

The  work  was  commenced  by  concreting  the  bottom  of  the  shaft 
for  a  height  of  13  meters  (42.5  ft.);  this  closed  the  water- bearing 
fissures.  Thereupon  all  staging,  pumps  and  supports  were  re- 
moved and  an  attempt  made  to  withdraw  the  freezing  pipes.  This 
was  a  failure,  undoubtedly  because  the  pipes  were  damaged  and 
broken.  It  was  then  attempted  to  sink  bore  holes  around  the  pipes. 
This  also  was  unsuccessful,  because,  as  was  discovered  later,  the 
pipes  were  not  vertical,  but  very  considerably  out  of  line.  After 
fruitless  attempts  lasting  several  months,  it  was  finally  decided  to 
begin  drilling  and  to  remove  the  pipes  in  the  ordinary  course  of 
the  work.  The  arrangements  were  those  generally  in  use.  As 
might  have  been  expected,  the  work  was  very  unsatisfactory  after 
passing  through  the  concrete  plug  in  the  sump,  partly  because  the 
sump  of  the  shaft  was  not  of  even  hardness  over  the  total  area, 
and  partly  because  portions  of  the  freezing  pipes  were  stuck  in  the 
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shaft  walls.  In  boring,  these  pipes  were  cut  through  lengthwise, 
but  only  partially,  so  that  strips  remained  in  the  walls  of  the  shaft 
and  by  their  elasticity  pressed  against  the  trepan,  frequently  imped- 
ing its  ro'tation,  and  by  forcing  it  to  one  side  caused  the  shaft  to 
deviate  from  the  vertical.  These  strips  were  finally  removed,  al- 
though with  much  difficulty,  by  means  of  saw-like  teeth  which 
were  attached  to  the  trepan,  and  it  became  possible  to  keep  the 
shaft  vertical. 

From  a  depth  of  175  meters  (574  ft),  material  improvement  in 
the  progress  of  drilling  took  place,  this  ground  being  below  the 
bottom  of  the  freezing  pipes.  Down  to  that  point,  22,000  lbs.  of 
wrought  iron  and  steel  in  small  pieces  had  been  brought  to  the 
surface  by  the  drilling  operations. 

Information  obtained  from  the  advance  bore  hole  led  the 
management  to  expect  more  compact  gypsum  from  175  m.  (574 
ft.)  on  downwards.  They  therefore  hoped  to  dam  back  the  water. 
In  order,  however,  to  be  perfectly  surei  the  firm  of  Haniel  and 
Lueg  suggested  that  the  ground  be  tested  for  water.  With  this 
end  in  view  a  pipe  line  was  put  down  from  the  surface  to  the 
bottom  of  the  advance  bore,  and  its  lower  end  filled  for  a  height 
of  2  to  3  meters  (6.5  to  10  ft.)  with  concrete.  After  this  had  set, 
the  water  was  removed  from  the  pipe  and  diamond  drilling  com- 
menced inside.  At  a  depth  of  211  meters  (692  ft.),  water  was 
again  encountered,  which  rose  to  the  top  of  the  pipe.  It  was 
not  quite  certain,  however,  whether  this  water  actually  came  from 
the  rock  itself  or  from  a  leak  in  the  pipe.  To  decide  this  question, 
the  drill  hole  which  had  reached  280  meters  (918  ft),  was  filled 
with  concrete  to  a  point  200  meters  (656  ft)  below  the  surface,  and 
after  this  had  set,  the  pipe  line  was  again  pumped  out.  During 
this  operation  water  could  be  lowered  to  a  depth  of  43  meters 
(141  ft.)  without  any  apparent  leakage.  It  was  therefore  plain  that 
it  was  the  ground  itself  which  carried  the  water.  These  results 
having  been  elucidated,  drilling  was  resumed,  alternately  with  the 
smaller  and  larger  trepans.  After  the  advance  bore  had  reached 
a  depth  of  252  meters  (826  ft.)  and  the  main  bore  201  meters 
(659  ft.),  further  investigation  of  the  ground  was  again  instituted 
with  similar  results.  The  advance  bore  was  therefore  continued  to 
255  meters  (836  ft.)  and  a  test  of  the  ground  at  this  point.  6  meters 
(19.5  ft.)  above  the  rock  salt,  was  again  made.  Unfortunately, 
the  ground  immediately  above  the  rock  salt  proved  not  only  water- 
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bearing,  but  also  much  broken  and  inclined  to  cave.  Under  these 
conditions  there  was  nothing  to  do  but  to  continue  the  drilling 
some  20  meters  (65.6  ft.)  into  the  rock  salt  itself,  and  at  that  point 
to  bed  the  moss  ring  for  damming  back  of  water. 

On  resuming  drilling,  rock  salt  was  cut  at  261  meters  (856  ft.) 
and  work  was  stopped  after  reaching  a  total  depth  of  2^J  meters 
(941  ft.).  On  testing  the  shaft  by  means  of  a  wooden  template  to 
determine  whether  or  not  the  tubbing  could  be  inserted,  the  dis- 
agreeable discovery  was  made  that  the  advance  bore  was  filled 
to  a  depth  of  some  5  meters  (16.4  ft.)  deep  with  caved  ground. 
It  was  to  be  feared  that  in  letting  down  the  tubbing  rings,  or 
while  concreting  after  putting  them  in  place,  a  caving  of  the  shaft 
walls  might  occur  and  bring  about  a  total  failure  of  the  work.  In 
order  to  preclude  such  possibilities,  it  was  determined  to  case  the 
shaft  with  plate-iron  cylinders  from  the  rock  salt  upwards,  that  is, 
from  a  depth  of  260  to  210  meters  (853  to  689  ft.) 

This  casing  could  not  bfe  put  in  place  in  one  piece.  It  was  Conse- 
quently cut  in  two,  each  part  being  27  meters  (88.5  ft.)  long,  and 
then  lowered.  The  first  portion  was  4.756  meters  (15.6  ft.)  in  di- 
ameter by  16  millimeters  (0.63  in.)  thick  and  weighed  62,500  K. 
{137,500  lbs).  At  a  depth  of  194  meters  (636  ft.)  the  casing 
jammed,  probably  because  of  some  small  unevenness  in  the  walls  at 
this  point.  Moving  the  casing  up  and  down  did  not  overcome  the 
difficulty,  and  it  was  therefore  raised  to  the  surface  and  again  cut 
in  two.  It  was  now  passed  smoothly  through  the  shaft  and  brought 
to  rest  at  a  depth  of  263  meters  (862  ft.)  on  the  small  annular  shelf 
which  had  remained  standing  at  that  point.  Further  casing  of  the 
shaft  was  then  abandoned  as  it  seemed  certain  that  the  previously 
mentioned  cavings  had  their  origin  in  the  ground  immediately 
above  the  rock  salt,  which  was  now  safeguarded  by  the  casing  put 
in  place.  The  tubbing,  which  was  4.1  meters  (13.5  ft.)  in  the 
clear,  was  now  inserted  and  concreted  in  the  ordinary  way. 

After  the  concrete  had  set,  an  attempt  was  made  to  pump  out 
the  shaft.  It  then  became  apparent  that  the  water,  had  not  been  suc- 
cessfully dammed  back,  as  it  flowed  out  through  the  openings  in 
the  equilibrium  pipe.  Soundings  inside  of  this  pipe  proved  that 
the  space  in  the  shaft  bottom,  below  the  false  bottom  of  the  tubbing, 
was  filled  with  caved  gypsum.  It  could  not  be  ascertained  whether 
this  fall  came  from  the  ground  above  the  casing  and  had  broken 
loose  either  at  the  same  time  or  just  before  the  first  concreting,  and 
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had  consequently  nullified  the  result  of  that  operation  in  the  lower 
water-bearing  strata,  or  whether  on  account  of  the  steep  dip  and 
the  undulating  surface  of  the  rock  salt  itself,  the  shaft  might  not 
have  penetrated  far  enough  into  the  latter,  thus  permitting  the  water 
to  enter  the  shaft. 

All  attempts  to  bail  the  water  failed ;  its  level  stood  constantly 
in  the  equilibrium  pipe  at  50  meters  (164  ft.)  below  the  surface. 
The  only  remaining  chance  to  complete  the  shaft  lay  in  the  instal- 
lation of  another  smaller  set  of  tubbing  rings,  and  to  put  this  in 
the  shaft  had  to  be  sunk  30  meters  (98  ft.)  deeper,  in  order  to  dam 
back  the  water  sufficiently  to  permit  of  the  removal  of  the  equi- 
librium pipe.  The  space  below  the  false  bottom  of  the  tubbing 
was  filled  with  concrete,  which  was  lowered  in  buckets  through  the 
equilibrium  pipe.  After  the  concrete  had  set,  the  water  which  had 
entered  through  the  moss  box  was  shut  off  so  that  all  water  con- 
tained in  the  shaft  itself  was  easily  removed  and  the  entire  equi- 
librium pipe  was  taken  out. 

After  completion  of  these  preliminaries,  the  drilling  apparatus  was 
reinstalled  and  drilling  resumed,  the  advance  bore  being  made  with 
a  2^-meter  (8.2-ft.)  trepan,  and  the  enlargement  with  one  of  3.95 
meters  (13  ft.)  diameter.  The  drilling  through  the  false  bottom, 
which  could  not  be  entirely  removed  beforehand  on  account  of  the 
water  which  it  dammed  back,  and  which  itself  had  a  weight  of 
15,000  K.  (33,000  lbs.),  proceeded  without  incident.  Within  five 
months  the  shaft  had  been  deepened  30  meters  (98.4  ft.),  so  that 
drilling  was  again  stopped  at  a  total  depth  of  310  meters  (1,017  ft.). 

Tubbing  3.15  meters  (10.3  ft.)  diameter  and  39  meters  (128  ft.) 
high,  was  then  installed  without  further  trouble.  Particular  care 
was  taken  in  concreting  the  tubbing,  an  arrangement  being  adopted 
for  dumping  all  of  the  concrete  buckets  simultaneously  in  the  bot- 
tom of  the  shaft.  The  lower  6  meters  (19.5  ft.)  of  the  shaft  behind 
the  moss  box  were  filled  with  best  quality  of  magnesia  cement ; 
the  remaining  portion  with  ordinary  concrete.  After  the  concrete 
had  set,  the  shaft  was  pumped  out,  and  found  to  be  perfectly  water- 
tight, which  facilitated  the  dismantling  of  the  top  and  bottom  dia- 
phragms and  the  installation  of  the  connecting  tubbing  rings. 
These  operations  concluded  the  work  of  shaft  sinking,  which  had 
lasted  16  years,  and  ultimately  proved  successful.  The  actual  bor- 
ing was  commenced  March  6,  1894,  at  a  depth  of  14 1.3  meters 
(465  ft.),  and  the  final  removal  of  the  water  in  the  shaft  took  place 
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February  i,  1900.  Consequently  the  drilling  of  170  meters  (557 
ft.)  of  shaft  required  5  years  and  1 1  months,  while  the  completion 
of  the  upper  150  meters  (492  ft.)  had  consumed  10  years. 

The  Jessenitz  shaft  proved  again  most  satisfactorily  that  water 
can  be  completely  dammed  back  in  rock  salt  itself,  and  that  the 
success  of  such  an  operation  is  not  due  merely  to  the  occurrence  of 
various  fortunate  circumstances,  as  was  assumed  by  many  technical 
experts  when  the  Thiederhall  shaft  was  completed.  For  example, 
serious  doubts  as  to  the  final  outcome  were  expressed  when  the 
Beienrode  Company  struck  water  in  their  shaft  on  entering  the  rock 
salt,  and  they  consequently  decided  to  sink  an  entirely  new  shaft. 
Such  doubts,  however,  may  now  be  considered  groundless,  particu- 
larly as  the  shaft  of  the  Potassium  Works  at  Benthe  has  again 
demonstrated,  under  conditions  similar  to  those  prevailing  at  Beien- 
rode, that  water-tight  connections  can  readily  be  made  even  in  the 
rock  salt. 

Boring  of  La  Houve,  Victor  and  Adolf  von  Hansemann  Shafts, 

Between  1896  and  1898,  the  drilling  of  the  shafts  for  the  stock 
company  I^a  Houve  in  Kreuzwald,  also  the  Victor  in  Rauxel  and 
the  shafts  for  the  Adolf  von  Hansemann  Company,  followed  the 
work  described  in  the  previous  paragraphs.  Both  at  Victor  and 
Adolf  von  Hansemann,  tubbing  of  4.4  meters  (14.4  ft.)  diameter 
were  used  for  lining  the  shafts.  Transportation  of  these  large  rings 
was  possible  only  through  the  courtesy  of  the  railroad  manage- 
ment in  Essen,  which  permitted  a  small  lowering  of  the  grade  on 
the  permanent  roadway  pending  the  transportation  of  these  pieces. 

At  Adolf  von  Hansemann,  the  drill  work  in  shaft  No.  3  was  pre- 
ceded by  rather  interesting  attempts  to  sink  by  other  means, 
which  proved  that  when  the  difficulties  are  really  serious  the 
method  of  drilling  is  always  the  cheapest  in  the  end.  Shaft  No.  i 
was  begun  in  1873  in  the  ordinary  manner,  and  with  endless  trouble 
and  expense  was  sunk  to  a  depth  of  230  meters  (754  ft.)  in  13 
years.  The  enormous  flow  of  water  in  the  lower  part  was  ulti- 
mately the  cause  of  such  insuperable  difficulties  that  in  1886  all 
work  was  suspended.  In  1888,  shaft  No.  2  was  started  200  meters 
(656  ft.)  to  the  south  of  shaft  No.  i.  The  company  was  fortunate 
in  this  case,  as  the  flow  of  water  encountered  was  not  too  great  to 
be  handled  with  pumps.  The  maximum  flow  amounted  to  7  cubic 
meters  (1,850  gals.)  per  minute,  and  caused  so  much  trouble  that 
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it  was  five  years  before  the  shaft  reached  the  carboniferous  strata. 

After  completing  shaft  No.  2,  work  was  resumed  in  shaft  No. 
I,  supplementing  the  previous  installation  with  the  pumps  used 
in  shaft  No.  2.  No.  i  was  undercut  from  No.  2  by  a  drift  and  a 
raise  put  up  part  way  from  the  latter.  The  drift  was  then  closed 
with  a  strong  masonry  dam  provided  with  a  pipe  for  tapping  ofT 
the  water  and  so  regulating  its  flow  towards  shaft  No.  2.  Finally, 
a  drill  hole  was  put  down  in  the  bottom  of  shaft  No.  i  to  the 
lower  drift. 

Shaft  No.  2  was  supplied  with  direct-acting  lift  pumps.  In  order 
to  make  the  operations  perfectly  safe,  these  were  replaced  by  force 
pumps  of  a  capacity  of  10  cubic  meters  (2,640  gals.)  per  minute. 

As  an  auxiliary,  the  large  Woolf  pump  at  shaft  No.  i  could  be 
used  in  addition  to  the  pumps  at  shaft  No.  2,  thus  providing  for  a 
total  maximum  flow  of  15  cubic  meters  (3,960  gals.)  per  minute. 
There  was  also  a  small  underground  pump  which  could  be  utilized 
at  shaft  No.  2. 

This  entire  equipment  was  barely  able  to  pump  No.  i  shaft  dry, 
and  as  a  further  attempt  at  sinking  resulted  in  a  flow  of  40  cubic 
meters  (10,570  gals.)  of  water  per  minute,  the  shaft  was  finally 
abandoned. 

On  August  8,  1894,  shaft  No.  3  was  begun,  some  200  meters 
(656  ft.)  north  of  shaft  No.  i.  The  formation  was  approximately 
the  same  as  in  shafts  i  and  2,  viz. : 

From  0-7.5  meters  (0-24.6  ft.),  quicksand. 

From  7.5-221.5  meters  (24.6  ft.-727  ft.),  green  marls. 

From  221.5-225  meters  (727  ft.-738  ft),  upper  green  sand. 

From  225-251.5  meters  (738  ft.-828  ft.),  white  marls. 

From  251.5-254.5  meters  (828  ft.-835  ft.),  lower  green  sand. 

From  254.5  meters  (835  ft.)  down,  carboniferous  strata. 

In  the  layer  of  quicksand  above  the  marls,  a  drop  shaft  was 
started.  Work  was  carried  on  in  the  ordinary  way  and  the  small 
amount  of  water  which  flowed  in  from  the  upper  portion  of  the  marl 
was  shut  out  by  means  of  German  tubbing  to  a  depth  of  45  meters 
(143  ft).     From  there  on  down  masonry  was  put  in. 

At  190  meters  (623  ft.)  below  the  surface  a  fissure  was  encoun- 
tered carrying  1.5  cubic  meters  (396  gals.)  of  water  per  minute.  As 
shaft  No.  I  at  this  depth  had  cut  a  particularly  wet  fissure,  an 
increase  of  water  was  to  be  expected.  Sinking  was  temporarily 
discontinued,  therefore,  and  a  drill  hole  put  down  to  a  drift  driven 
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on  the  level  of  the  airway  at  a  depth  of  273  meters  (895  ft.).  This 
drill  hole  was  230  millimeters  (9.2  inches)  in  diameter  and  was 
successfully  completed  in  six  weeks.  On  resumption  of  work  in 
the  shaft,  the  flow  of  water  increased  so  rapidly  that  in  a  short 
time  the  drill  hole  was  unable  to  carry  it  off,  and  the  management 
was  obliged  to  increase  its  diameter  to  270  millimeters  (10.8  inches). 

The  shaft  was  then  deepened  another  .5  meter  (1.6  ft.)  when 
work  had  to  be  stopped,  as  the  flow  of  water  exceeded  22  cubic 
meters  (5.800  gals.)  per  minute  and  drowned  out  all  provisions  made 
for  its  removal.  Before  abandoning  work  in  the  sump,  the  air 
pipe  and  other  apparatus  in  the  shaft  were  removed,  the  bottom 
cleaned  out  and  the  door  in  the  masonry  dam  in  the  lower  drift 
closed. 

Preparations  were  then  begun  above  ground  for  the  use  of  the 
Kind-Chaudron  method.  The  construction  and  equipping  of  the 
drill  tower,  and  installation  of  other  drilling  apparatus,  consumed 
3J^  months. 

On  August  10,  1896,  drilling  was  commenced  with  a  2.5-meter 
(8.2  ft.)  trepan  at  a  depth  of  195.35  meters  (640  ft),  the  water  level 
standing  at  53.4  meters  (175  .ft.)  below  the  surface.  The  work 
was  completed  December  8,  at  a  depth  of  255  meters  (836  ft),  in 
solid  carboniferous  formation.  About  60  meters  (196  ft.)  of  shaft 
was  bored,  therefore,  in  four  months;  the  average  daily  progress 
including  all  delays  being  .5  meter  (1.64  ft)  and  the  maximum 
advance  per  month  18.22  meters  (59.8  ft).  On  December  18, 
1896,  work  with  the  enlarging  trepan,  of  5.02  meters  (16.4  ft)  di- 
ameter, was  commenced  at  a  depth  of  195.5  meters  (642  ft).  The 
work  was  completed  November  19,  1897,  at  a  depth  of  253  meters 
(830  ft.);  58  meters  (191  ft)  having  been  drilled  in  11  months, 
equivalent  to  an  average  progress  per  24  hours  of  0.186  meter 
(0.6  ft.).  The  maximum  advance  per  month  was  7.8  meters 
(25.6  ft).  From  December  19,  1897,  to  January  2,  1898,  the  ap- 
paratus was  dismantled  and  preparations  made  for  putting  the 
tubbing  in  place.  This  consisted  of  57  rings,  4.4  meters  (14.4  ft.) 
in  the  clear,  1.2  meters  (3.9  ft.)  high  and  68  to  86  millimeters 
(2.7  to  3.45  inches)  in  thickness. 

The  installation  of  the  tubbing  was  commenced  January  2,  1898, 
and  finished  March  4.  Between  March  15  and  April  15  the  con- 
creting was  completed.  After  six  weeks,  the  work  of  pumping  out 
the  shaft  was  commenced  and  on  the  2  ist  of  June  the  moss-box  was 
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laid  bare,  thus  proving  that  the  water  had  been  successfully  shut 
out.  The  setting  of  the  connecting  tubbing  rings  occupied  four 
weeks,  so  that  on  July  20, 1898,  drill  work  was  concluded  and  ordi- 
nary shift  sinking  in  the  sump  could  be  resumed.  From  the  be- 
ginning of  the  drilling  to  the  beginning  of  sinking  in  the  sump,  22 
months  were  consumed,  so  that  the  average  progress  per  month 
was  2.73  meters  (8.95  ft.). 

SAqfit  Drilling  at  Kaiseroda,  Royal  Salt  Works  at  Friedricltschall 
and  the  Mecklenburg  Company^  Friedrich  Franz, 

In  1897  three  shafts  were  put  down  by  this  method,  viz.  :  At 
Kaiseroda  in  Thuringia,  at  Friedrichshall  and  near  Luebtheen. 

The  Kaiseroda  Company  commenced  sinking  their  shaft  near 
Salzungen  on  the  Werra ;  as  usual,  with  manual  labor  in  the  sump 
and  pumping  the  water  which  was  encountered.  In  its  upper  por- 
tion the  shaft  was  5  meters  (164  ft.)  in  diameter  and  was  success- 
fully lined  with  masonry  to  a  depth  of  34.8  meters  (114  ft.).  From 
this  point  downwards  English  tubbing  was  installed.  The  prelimi- 
nary bore  hole  showed  the  following  sequence  of  strata  to  be 
passed  through : 

From  0-2  meters  (0-6.56  ft.),  surface  soil. 

From  2-120  meters  (6.6-394  ft),  buntersandstein. 

From  120-166  meters  (394-544  ft),  crumbly  slates. 

From  166-176  meters  (544-576  ft.),  extremely  wet  and  slabby 
dolomites. 

From  1 76-205  meters  (576-672  ft.),  variegated  clays  with  stringers 
of  gypsum. 

From  205-207  meters  (672-679  ft.),  gray  rock  salt. 

From  207-219  meters  (679-718  ft.),  anhydrite  with  rock  salt. 

From  219-225  meters  (718-738  ft),  reddish  clay  sands. 

From  225  meters  (738  ft)  down,  white  rock  salt 

The  flow  of  water  varied  as  follows: 

At  8  meters  (26.2  ft)  depth,  about  .5  cubic  meter  (132  gals.). 

At  34.8  meters  (114  ft.),  i  to  2  cubic  meters  (264-528  gals.). 

At  44.3  meters  (145  ft),  3  cubic  meters  (792  gals.). 

At  60.5  meters  (197  ft)  4  cubic  meters  (1,056  gals.). 

At  80  meters  (262  ft),  5  cubic  meters  (1,320  gals.). 

At  114  meters  (374  ft.),  17  cubic  meters  (4,480  gals.). 

When  the  shaft  reached  the  crumbly  slates  the  sinking  proceeded 
well,  as  the  larger  portion  of  the  water  was  successfully  dammed 
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back  by  means  of  a  vvedging-crib  at  a  depth  of  129.6  meters  (425 
ft).  The  next  wedging  crib  was  put  in  at  146  meters  (479  ft),  the 
English  tubbing  being  continued.  When  sinking  was  resumed, 
however,  water  broke  forth  again  at  148  meters  (485  ft.),  and  though 
three  pumps  were  installed  they  were  unable  to  keep  pace  with  the 
inflow.  It  appeared  furthermore  that  the  ground  around  the  bot- 
tom of  the  shaft  was  intersected  by  fissures  carrying  sand,  which 
was  washed  into  the  shaft  sump  by  the  water  and  gradually  filled 
it  up.  It  became  necessary  to  stop  pumping,  as  it  was  quite  evident 
that  the  continued  removal  of  the  sand  from  the  fissures  would 
ultimately  lead  to  cavings,  which  would  endanger  the  tubbing  al- 
ready in  place. 

Although  the  ground  was  not  very  favorable  for  the  use  of  the 
Kind'Chaudron  system  of  sinking,  since  the  walls  of  the  shaft 
would  have  to  be  prevented  from  caving  by  a  lining,  it  was  decided, 
nevertheless,  to  adopt  this  system,  as  no  other  appeared  to  offer  any 
prospect  of  success. 

In  the  beginning  of  May,  pumping  was  stopped.  The  material 
in  the  sump  was  taken  out  as  far  as  possible  and  the  bottom  of  the 
shaft  filled  with  concrete  to  a  height  of  8  meters  {26.2  ft).  After 
this  had  set,  the  water  was  pumped  out  and  all  obstructions,  such 
as  pumps,  beams,  platforms,  etc.,  removed  from  the  shaft.  On 
August  16,  1897,  the  preliminary  work  was  so  far  advanced  that 
drilling  could  be  commenced.  For  the  advance  bore  a  trepan  of 
2.5  meters  (8.2  ft.)  diameter,  and  for  enlargement,  one  of  4,83 
meters  (15.85  ft.)  were  decided  upon.  The  latter  was  made  as 
large  as  the  tubbing  would  permit  on  account  of  the  prospective 
lining  of  the  shaft.  The  concrete  plug  in  the  bottom  was  drilled 
through  between  August  16  and  September  10  by  means  of  the 
enlarging  trepan,  and  the  advance  bore  was  begun  at  a  depth  of 
147.55  meters  (484  ft).  On  November  6  this  work  had  reached  a 
depth  of  167.24  meters  (549  ft).  The  material  traversed  consisted 
of  blue  and  red  clays  which,  when  dry,  are  very  hard,  but  in  a  wet 
condition,  swell  and  shift  In  October,  cavings  were  noticed,  but 
as  it  was  assumed  that  they  had  occurred  in  the  walls  of  the  ad- 
vance bore,  they  were  deemed  of  minor  importance.  Early  in 
November,  however,  the  bottom  of  the  bore  was  filled  to  a  height 
of  1.5  meters  (4.9  ft.),  whereupon  the  enlarging  trepan  was  lowered, 
and  it  was  found  that  it  did  not  reach  the  former  shelf  left  at  147.5 
meters  (484  ft.).     It  was  consequently  evident  that  this  shelf  was 
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covered  with  caved  material  which  must  have  come  from  the  sides 
of  the  enlargement,  which  therefore  would  have  to  be  lined. 

A  plate  iron  cylinder  4.73  meters  (15.5  ft.)  inside  and  4.81  meters 
(15.8  ft)  outside  diameter,  by  18  meters  (59  ft)  high  and  weighing 
65,000  kilos  (143,000  lbs.),  was  then  put  in  place.  This  cylinder 
consisted  of  riveted  plates,  22  millimeters  (0.9  inch)  thick.  The 
lower  edge  was  sharpened  like  the  shoe  of  a  drop  shaft;  the  upper 
edge  being  somewhat  flattened,  so  that  it  could  be  eventually  forced 
down  by  weighting.  The  work  of  putting  in  this  lining  was  com- 
menced January  15,  1899,  and  after  it  had  reached  the  bottom,  the 
clearing  out  of  the  advance  bore  was  begun  with  the  small  trepan. 
The  original  sump  of  this  work,  at  167.2  meters  (548  ft.)  was  again 
reached  on  the  4th  of  March.  The  bottom  of  the  casing  was  then 
lowered  by  alternate  use  of  the  large  and  small  trepans  to  a  depth 
of  164  meters  (5  38  ft.)  and  there  left  standing.  A  second  casing  was 
not  considered  necessary  for  the  moment,  as  the  ground  appeared 
to  be  harder.  After  drilling  had  reached  a  depth  of  194  meters 
(636  ft.),  however,  and  renewed  cavings  had  taken  place  in  the 
shaft,  a  further  casing  had  to  be  considered.  The  management 
thought  that  the  caving  had  taken  place  in  the  walls  immediately 
below  the  first  casing,  but  as  the  ground  here  was  hard,  it  would 
be  well  adapted  to  the  holding  back  of  the  water.  As  the  bottom 
of  the  bore  was  now  quite  close  to  the  rock  salt,  and  the  manage- 
ment had  definitely  concluded  not  to  place  a  moss-box  in  the  rock 
salt  itself,  it  was  decided,  on  the  assumption  that  a  height  of  15 
meters  (49.2  ft)  of  free  ground,  without  casing,  would  be  sufficient 
to  secure  a  good  connection  by  means  of  concreting,  to  consider 
the  drilling  as  finished  and  to  install  a  further  casing,  suspending  it 
by  four  ropes  in  such  a  way  that  the  lower  edge  would  be  1 5  meters 
(49.2  ft)  above  the  sump  of  the  shaft,  that  is,  at  a  depth  of  178 
meters  (584  ft).  A  casing  cylinder  of  4  meters  (131  ft.)  in  length, 
was  accordingly  procured.  On  lowering  it  into  place,  it  entered 
about  .5  meter  (1.6  ft.)  into  the  lower  end  of  the  first  cylinder,  and 
was  held  in  this  position  by  four  flat  ropes,  100  millimeters  by  10 
millimeters  (4  inches  by  0.4  inch)  in  cross- section. 

After  clearing  the  shaft  of  all  caved  material,  and  on  completion 
o  the  arrangements  for  lowering  the  permanent  tubbing,  it  was 
discovered  on  November  10  that  the  sump  had  again  filled  and 
that  the  shaft  would  have  to  be  cased  all  the  way  down. 

The  third  casing  was  made  4.43  meters  (14.5  ft)  in  the  clear, 
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and  4.47S  meters  (14.6  ft.)  outside  diameter;  it  was  19.5  meters 
(64.0  ft.)  long  and  weighed  53,125  kilos  ( 1 16,500  lbs.).  On  Febru- 
ary I  work  was  started  to  put  this  in  place.  It  stuck  on  the  7th 
of  the  month  at  a  total  depth  of  191.35  meters  (627  ft).  As  the 
sump,  however,  was  at  194.37  meters  (637  ft.)  this  showed  that 
there  were  3  meters  (10  ft.)  of  caved  ground  on  the  bottom,  which 
was  promptly  removed  by  means  of  the  drill  and  sand-pump.  In 
order  to  secure  the  necessary  free  ground  for  making  the  concrete 
connections,  the  sump  was  lowered  by  drilling  to  203.5  meters 
(667  ft.). 

The  subsequent  work  proceeded  without  further  interruption. 
All  of  the  drilling  apparatus  was  removed  and  on  May  17  the  in- 
stallation of  the  permanent  tubbing  commenced.  By  June  5  the 
tubbing  reached  the  bottom  of  the  shaft,  and  the  concreting  was 
finished  on  July  6.  From  the  15th  to  the  26th  of  August  the 
water  was  pumped  out,  and  the  top  and  bottom  diaphragms  of 
the  tubbing  removed.  September  i  sinking  was  begun  in  the 
bottom  of  the  shaft  below  the  moss-box,  soon  resulting  in  an  in- 
flow of  about  250  liters  (660  gals.)  of  water  per  minute.  In  order 
to  avoid  interruptions  by  water  in  the  continuation  of  the  work,  a 
Tomson  bailing  apparatus  was  installed.  This  took  four  weeks. 
Fortunately,  on  resuming  work,  it  was  discovered  that  the  perma- 
nent inflow  was  only  about  15  to  20  liters  (4.2  to  5.3  gals.)  per 
minute.  From  October  i  to  November  11,  6.26  meters  (20.5  fL) 
were  sunk  by  hand  to  the  anhydrite.  This  distance  was  lined  with 
tubbing  which  ultimately  entirely  cut  ofTthe  flow  of  water. 

By  the  Kind-Chaudron  system,  70  meters  (230  ft.)  of  shaft  were 
completed  in  27  months.  The  time  might  have  been  materially 
reduced  had  the  casings  been  on  hand  when  they  were  required. 
As  they  always  had  first  to  be  ordered  when  needed,  and  as  the 
work  had  to  be  stopped  until  they  could  be  put  in  place,  con- 
siderable time  was  lost.  Further  losses  of  time  were  incurred  by 
the  repeated  drilling  through  material  which  had  caved  into  the 
shaft  and  by  the  installation  of  Tomson*s  bailing  apparatus,  which, 
after  all,  was  not  required.  The  result  of  the  drilling  operations 
cannot  be  considered  as  otherwise  than  satisfactory,  after  making 
due  allowance  for  the  above  conditions. 

The  work  at  the  shaft  of  the  Royal  Salt  Mines  at  Friedrichshall, 
near  Jagtsfeld,  which  was  drilled  during  the  years  1897  to  1899,  is 
noteworthy  because  here  also  drilling  operations  were  not  com- 
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menced  until  it  was  plainly  seen  that  no  further  progress  could  be 
made  by  ordinary  methods  of  sinking,  in  spite  of  active  pumping 
which  lifted  as  much  as  30  cubic  meters  (7,592  gals.)  of  water  per 
minute.  Drilling  commenced  at  a  depth  of  96  meters  (315  ft.) 
and  was  finished  at  1 16.9  meters  (383  ft.).  The  average  progress 
with  the  advance  trepan  was  0.54  meter  (1.8  ft.)  and  with  the  en- 
larging trepan,  0.2  meter  (0.65  ft.)  per  24  hours.  The  tubbing 
was  4.4  meters  (14.4  ft.)  in  the  clear,  and  was  transported  by  boat 
on  the  Rhine  and  Neckar. 

In  depositing  the  concrete  back  of  the  tubbing  rings,  six  water- 
tight buckets  were  used,  the  valves  of  which  were  held  in  place  so 
tightly  by  mechanical  means  that  they  could  not  be  released  when 
the  bucket  had  reached  the  point  of  discharge,  except  by  force. 
The  six  hoisting  ropes  belonging  to  these  buckets  were  wound  on 
the  two  multiple  drums  of  the  hoisting  engine,  each  in  its  special 
groove.  The  twelve  guide  ropes  for  the  buckets  were  wound  on 
the  drums  of  a  separate  stream  winch.  These  various  ropes  were 
conducted  to  their  respective  points  of  support  above  the  shaft  by 
means  of  guide  sheaves. 

The  arrangement  permitted  of  raising  and  lowering  the  buckets, 
and  the  adjusting  of  the  length  of  the  guide  ropes;  each  by  a 
single  machine  and  with  much  exactness.  The  improvement  was 
the  result  of  experience  gained  from  experiments  made  on  con- 
creting by  the  methods  heretofore  in  use.  It  was  found,  firstly : 
That  if  the  concrete  buckets  were  not  water-tight,  the  rather  fluid 
concrete  necessary  for  this  work  was  lost  while  lowering  it  down 
the  shaft  to  the  place  where  it  was  needed.  Secondly :  That  in  low- 
ering individual  buckets  by  means  of  a  rope  and  brake,  the  point 
of  discharge  was  left  entirely  to  the  judgment  of  the  man  at  the 
brake  and  could  not  always  be  definitely  determined.  Further- 
more, that  when  the  valve  of  the  bucket  was  loose,  but  a  portion 
of  the  load  actually  reached  the  point  of  discharge.  Thirdly: 
That  the  success  of  the  concreting,  which  is  one  of  the  most  im- 
portant parts  of  this  method  of  sinking,  depended  mainly  on  the 
certainty  of  being  able  to  discharge  the  buckets  at  the  correct 
point,  and  in  such  a  manner  that  vortex  movements  of  the  water 
were  reduced  to  a  minimum  and  the  concrete  itself  required  to  tra- 
verse the  shortest  possible  distance  in  the  water. 
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The  operation  of  shutting  out  the  water  in  this  shaft  was  con- 
cluded with  entire  success. 

Preussen  No,  2  and  Schamhorst  Shafts, 

In  1897  drilling  by  the  Kind-Chaudron  process  was  begun  at 
shaft  No.  I  of  the  last-named  company.  This  shaft  was  com- 
menced in  1873  but  had  been  abandoned  after  attaining  a  depth 
of  1 17  meters  (384  ft). 

In  the  same  year  shafts  i  and  2  of  Preussen  No.  2  colliery  were 
completed  by  drilling.  Shaft  No.  i  had  been  begun  in  the  seven- 
ties of  the  last  century,  but  after  attaining  a  depth  of  233  meters 
(763  ft),  it  was  abandoned  on  account  of  the  large  flow  of  water. 
It  was  drilled  from  a  depth  of  233  to  372  meters  (764  to  1,222  ft), 
shaft  No.  2  of  the  same  mine  being  sunk  in  a  similar  manner  from 
260  to  368  meters  (853  to  1,206  ft).  Up  to  the  present  time  these 
are  the  deepest  shafts  sunk  by  the  Kind-Chaudron  system. 

The  tubbing  of  shaft  No.  i  is  4.1  meters  (13.4  ft.)  in  diameter 
by  152  meters  (498.5  ft.)  in  depth,  and  consists  of  rings  varying  in 
their  thickness  between  65  millimeters  and  95  millimeters  (2.6 
inches  and  3.8  inches).  The  weight  of  the  entire  lining,  with  all 
appurtenances,  is  1,560,532  kilos  (3,520,000  lbs.). 

At  shaft  No.  2  the  tubbing  is  4.4  meters  (144  ft)  diameter  by 
118  meters  (387  ft.)  in  depth.  The  rings  are  75  millimeters  to  105 
millimeters  (3.0  inches  to  4.2  inches)  in  thickness,  with  a  total 
weight  of  1 ,370,700  kilos  (3,020,000  lbs.).  The  bottom  diaphragm 
alone  weighs  22,000  kilos  (48,500  lbs.),  and  is  of  cast  steel. 

Drilling  of  the  Grand  Duke  of  Saxony  Shaft  near  Dietlas, 

This  shaft  is  still  in  hand,  and  it  is  proposed  to  sink  it  consider- 
ably deeper,  as  the  damming  back  of  the  water  will  probably  not 
be  possible  short  of  a  depth  of  400  meters  (1,310  ft). 

Sliaft  Sinking  of  the  Benthe  Stock   Cofnpany,  Formerly  Known  as 

Walmont,  Hanoi^er, 

Shaft  Hermann  of  this  company  was  started  April  5,  1899, 
about  a  kilometer  from  the  village  of  Benthe.  The  preliminary 
boring  had  shown  the  following  cross-section  to  be  penetrated  : 

From  0-4  meters  (0-13.1  ft),  surface  soil. 

From  4-33  meters  (13.1-108.2  ft),red  clay,  dry  and  very  greasy, 

From  33-85  meters  (108.2-279  ft),  red  and  blue  clays  with  va- 
rious layers  of  sandstone. 
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From  85-170  meters  (279-558  ft),  red  and  gray  marls  with 
stringers  of  gypsum. 

From  170  meters  (558  ft.)  on  downward,  rock  salt. 

By  May  30,  the  shaft  had  reached  a  depth  of  33  meters  (108  ft.), 
all  work  having  been  done  by  hand.  After  installing  a  hoist, 
sinking  was  resumed  and  proceeded  so  rapidly  that  rock  salt  was 
struck  on  the  17th  of  October  at  a  depth  of  163  meters  (534  ft.). 
At  this  point,  trouble  was  encountered  in  the  shape  of  small  flows 
of  salt  water,  which  showed  themselves  on  the  top  of  the  rock  salt. 
These  carried  29  per  cent,  of  salt  and  increased  hourly  so  that  the 
pumps,  which  had  a  capacity  of  4  cubic  meters  (1,056  gals.)  per 
minute,  were  finally  unable  to  keep  pace  with  the  inflow.  The 
handling  of  this  water  with  larger  pumps  was  not  considered  feasi- 
ble by  experts  on  account  of  the  fact  that  the  salt  solution  would 
gradually  leach  out  the  surrounding  ground.  The  Kind-Chaudron 
system  of  drilling  was  therefore  recommended,  particularly  as  the 
results  of  work  at  Jessenitz  had  been  so  satisfactory. 

Towards  the  end  of  October,  this  work  was  determined  on,  and 
the  firm  of  Haniel  and  Lueg  commissioned  to  carry  it  out.  When 
the  firm  took  charge  of  the  work,  the  shaft  had  been  lined  with 
masonry  from  surface  to  a  depth  of  1 30  meters  (426  ft.).  Between 
that  point  and  163  meters  (534  ft.)  the  provisional  equipment  was 
still  in  place.  The  inside  diameter  was  5  meters  (16.4  ft.")  The 
bottom  of  the  shaft  was  quite  uneven  and  had  to  be  leveled  by  a 
concrete  plug  some  4  meters  (13.1  ft.)  deep  to  give  the  drill  a  good 
working  surface  to  start  on.  This  preliminary  work  was  finished 
early  in  March. 

The  drill  was  then  lowered  in  order  to  test  the  bottom.  It  stuck 
at  a  depth  of  156  meters  (512  ft),  or  6  meters  (19.7  ft)  above  the 
top  of  the  concrete,  and  investigation  showed  that  the  bottom  was 
filled  with  clay,  which  must  have  come  from  the  portion  of  the 
shaft  between  130  and  163  meters  (427  and  535  ft.),  that  is,  from 
below  the  permanent  masonry.  This  fact  demonstrated  that  cav- 
ings  from  this  ground  would  almost  unquestionably  be  repeated, 
and  that  they  could  only  be  prevented  by  a  provisional  casing  of 
this  portion  of  the  shaft  To  be  perfectly  sure,  however,  that  the 
temporary  timbering  would  really  not  be  able  to  hold  back  the 
ground,  the  management  decided  to  await  further  proof  and  at 
once  to  drill  into  the  underlying  rock  salt  with  the  full  cross-sec- 
tion of  the  shaft     The  clay  in  the  bottom  was  therefore  removed 
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with  a  sand-pump,  the  large  trepan  lowered  and  at  157  meters 
(515  ft.)  a  more  solid  bottom  was  reached.  On  April  25  the  large 
trepan  reached  a  depth  of  166  meters  (544  ft.)  and  was  therefore 
entirely  in  the  rock  salt.  Up  to  this  time  the  sand-pump  had 
always  brought  up  a  mixture  of  clay  and  rock  salt,  any  serious 
caving  of  the  clay  walls  not  having  been  noticed. 

On  April  25  drilling  with  the  small  trepan  was  resumed  and  con- 
tinued to  a  depth  of  181.4  meters  (595  ft).  During  this  work  clay 
and  a  mixture  of  clay  and  rock  salt  was  brought  up,  the  clay  pre- 
ponderating. This  of  course  demonstrated  that  the  temporary 
timbering  was  unable  to  support  the  walls,  and  a  casing  was  con- 
sidered indispensable.  On  May  1 1 ,  therefore,  it  was  decided  to 
put  in  a  casing  4.9  meters  (16.T  ft.)  in  the  clear,  20  millimeters 
(0.8  inch)  thick  and  35.5  meters  (116.2  ft.)  long,  as  soon  as 
drilling  should  have  been  concluded.  Its  main  object  was  to  se- 
cure the  shaft  walls  pending  the  installation  of  the  tubbing. 

Up  to  the  middle  of  July  drilling  was  continued  alternately  with 
the  large  and  the  small  trepans.  At  that  time  the  latter  had 
reached  197  meters  (647  ft),  the  former  181  meters  (593  ft)  in 
depth.  In  this  meantime,  caving  from  the  walls  of  the  shaft  be- 
came so  serious  that  danger  to  the  permanent  masonry  above  1 30 
meters  (427  ft.)  was  imminent.  The  large  trepan  had  left  a  small 
shelf  in  a  layer  of  gypsum  at  a  depth  of  163  meters  (535  ft),  which 
was  destined  to  be  the  support  of  the  casing.  On  examination  of 
the  shaft,  however,  this  shelf  was  found  to  have  been  washed  away, 
and  it  became  necessary  to  case  the  shaft  immediately.  As  the  plate, 
iron  cylinder  weighed  100,000  kilos  (220,000  lbs.)  and  the  rods 
available  for  lowering  it  were  not  sufficiently  strong  to  carry  this 
weight,  the  cylinder  was  cut  in  two.  In  order  to  furnish  a  support 
for  it,  the  sump  of  the  shaft  was  filled  with  gravel  up  to  the  163- 
meter  (5  3S-ft)  point.  The  first  section  of  casing  was  then  low- 
ered and  hung  from  the  collar  of  the  shaft  by  six  flat  ropes,  each 
100  by  10  millimeters  (4  by  0.4  inches)  in  cross  section,  so  that 
when  the  gravel  was  removed,  these  would  support  the  casing. 
The  ropes  also  acted  as  guides  for  the  putting  in  place  of  the  sec- 
ond section  of  casing,  thus  securing  perfect  alignment. 

By  the  second  week  in  September  the  casing  had  been  put  in 
place  and  spaces  behind  it  filled  with  broken  slag  and  stone.  This 
was  necessary  as  cavities  had  appeared  in  the  walls  of  the  shaft  of 
sufficient  size  to  cause  displacement  of  the  casing  had  any  further 
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caving  taken  place.  The  broken  stone  and  slag  were  deposited 
behind  the  casing  by  suspending  a  plate  iron  cone  in  such  a  way 
as  to  deflect  the  material  into  the  annular  space  between  the  cas- 
ing and  the  shaft  walls.  As  there  was  some  danger  that  part  of 
the  filling  might  slip  out  at  the  bottom  of  the  casing,  the  lower 
outside  edge  was  furnished  with  hinged  flaps  which  would  pass  any 
obstacles  on  the  way  down,  but  were  pressed  down  and  outwards 
by  the  filling  when  deposited.  Although  this  work  was  carried 
out  with  the  greatest  care,  an  inspection  of  the  shaft  showed  that 
the  casing  had  been  squeezed  out  of  shape  to  the  extent  of  1 60  or 
180  millimeters  (6.4  or  7.2  inches).  This  deformation  was  not 
serious,  since  the  shaft  was  4.95  meters  (16.3  ft.)  in  the  clear,  and 
therefore  large  enough  to  permit  the  4.1-meter  (i  3.4-ft.)  tubbing  to 
be  readily  lowered  and  concreted. 

On  the  20th  of  September,  the  work  of  clearing  the  gravel  out 
of  the  bottom  of  the  shaft  was  begun,  and  on  October  15  the 
original  sump,  which  had  been  reached  by  the  small  trepan  at  a 
depth  of  197  meters  (645  ft.),  was  again  cleared.  Boring  was  then 
continued  with  the  large  trepan,  now  reduced  to  4.92  meters 
(16.2  ft.)  in  diameter,  as  well  as  with  the  small  trepan,  2.5  meters 
(8.2  ft.)  in  diameter.  Work  was  stopped  when  the  enlarging 
trepan  had  reached  204  meters  (670  ft.)  and  the  small  one  215 
meters  (705  ft.).  On  January  18  preparations  were  made  for 
lowering  the  tubbing,  which  was  successfully  completed  March  4. 
Between  that  date  and  the  29th,  the  concreting  was  done,  and  on 
May  28,  after  the  latter  had  set,  pumping  was  started.  The  shaft 
proved  to  be  completely  water-tight,  showing  that  the  connection 
made  in  the  rock  salt  was  entirely  satisfactory. 

At  present  four  shafts  are  being  sunk  by  this  method,  one  at 
Luebtheen,  another  near  Hildesheim,  and  the  others  at  Berka  and 
Dietlas,  the  last  two  being  in  Thuringia. 

The  conditions  prevailing  at  Berka  are  probably  unique.  At  a 
depth  of  130  to  145  meters  (427  to  475  ft.),  water  was  encountered 
under  such  pressure  that  3  to  4  cubic  meters  (790  to  1,060  gals.\ 
per  minute  are  running  out  over  the  collar  of  the  shaft.  Drilling 
was  commenced  at  a  depth  of  no  meters  (361  ft.)  and  has  been 
uninterrupted  ever  since.  At  present  (end  of  July,  1901),  the  pre- 
liminary drilling  has  attained  a  depth  of  166  meters  (545  ft.)  and 
it  is  expected  that  the  waters  will  be,  permanently  dammed  back  at 
J  70  meters  (557  ft.). 

VOL.  XXIV. — 27. 
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In  conclusion,  I  will  call  attention  to  the  problems  now  facing 
the  mining  industry  in  the  sinking  of  very  deep  shafts  in  difficult 
ground,  particularly  with  regard  to  character  of  the  tubbing  which 
will  be  necessary. 

GENERAL    CONCLUSIONS  AS  TO   SHAFT  DRILLING 
AND  TUBBING  AT  GREAT  DEPTHS. 

Several  shafts  have  recently  been  put  down  to  depths  of  600 
meters  (1,970  ft.),  and  it  may  reasonably  be  assumed  that  in  future 
other  such  shafts  will  be  undertaken  which  will  require  the  use  of 
the  Kind-Chaudron  method  at  very  great  depths.     The  formula 

(R  X  P\ 
|. 

Even  for  depths  of  say  400  meters  (1,310  ft),  this  calls  for  a  very 
considerable  thickness  of  the  lower  tubbing  rings,  on  the  basis  of  a 
working  unit  stress  {$)  of  800  kilos  per  square  centimeter  (11,350 
lbs.  per  sq.  in.).  For  instance,  assuming  ^  to  be  2.2  meters  (7.2 
ft.)  (outside  radius  of  the  tubbing),  and  P^  40  atmospheres,  also 

e  =s=  thickness  of  metal,  then  e  =  — ~ — ^—  =11    centimeters  (4.4 

800  ^ 

inches). 

A  thickness  of  no  to  125  millimeters  (4.4  to  $  inches)  is,  how. 
ever,  at  present  the  outside  limit  which  will  permit  the  manufac- 
turer to  guarantee  soundness  of  the  castings.  Aside  from  this, 
rings  of  such  thickness  are  very  difficult  to  transport  on  account  of 
their  great  weight.  It  is  not  safe  to  exceed  a  working  stress  of 
800  kilos  per  square  centimeter  (11,350  lbs.  per  sq.  in.)  for  cast 
iron,  and  cast  steel  offers  no  advantages,  as  its  coefficient  of 
resistance  is  little  if  any  greater.  At  great  depths,  therefore,  it 
becomes  necessary  to  diminish  the  diameter  of  the  tubbing,  if  the 
lower  rings  are  to  be  made  of  reasonable  thickness.  On  the 
other  hand,  a  material  reduction  in  the  diameter  of  the  tubbing 
brings  with  it  the  disadvantage  that  the  cross-section  of  the  shaft 
would  become  too  small  to  accommodate  the  necessary  equipment, 
such  as  hoisting  apparatus,  pump  columns,  ladderways,  etc. 

General  Manager  Tomson  at  Gelsenkirchen  has  suggested,  in 
the  case  of  the  two  shafts  near  Werne,  which  were  to  be  580 
meters  ( 1 ,900  ft.)  deep  to  the  carboniferous  ground,  that  if  it  became 
necessary  to  drill  them,  four  sets  of  tubbing,  two  of  2j4  meters 
(8.2  ft.)  in  diameter  and  two  of  1.65  meters  (5.4  ft.)  in  diameter, 
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should  be  put  in  place  in  the  round  shaft,  5.8  meters  (19  ft.)  as 
made  by  the  drill.  He  further  suggested  that  the  space  between 
the  various  sets  of  tubbing  should  be  filled  by  concrete.  The 
completed  shaft  would  thus  comprise  four  compartments.  Each 
of  the  two  larger  tubbings  would  serve  for  hoisting  purposes,  the 
others  being  used  for  pumping  and  ladderways. 

The  thickness  of  tubbing  of  2.5  meters  (8.2  ft.)  inside  diameter 
for  such  an  installation,  would  be  105  millimeters  (4.2  inches)  for  a 
depth  of  580  meters  (1,900  ft.),  and  is  consequently  quite  within 
the  limits  of  good  work  on  the  part  of  the  manufacturer.  This 
system,  which  was  patented  under  No.  99,867,  was  not  used 
at  Werne,  however,  as  the  Kind-Chaudron  method  was  not  re- 
quired, the  coal  beds  being  reached  by  hand  labor. 

Instead  of  diminishing  the  diameter  of  the  tubbing  to  such  an 
extent  that  the  thickness  of  metal  will  come  within  feasible  limits, 
two  concentric  sets  of  tubbing  may  be  used,  provided  that  the 
annular  space  between  the  individual  lines  of  tubbing  be  filled 
with  concrete,  or  subjected  to  some  sort  of  pressure,  either  com- 
pressed air  or  water  under  pressure.  Assuming  that  the  walls  be 
calculated  for  a  pressure  of  30  atmospheres  and  that  the  space 
between  them  be  filled  with  compressed  air  of  that  pressure,  it  is 
quite  practicable  to  reach  a  depth  of  600  meters  (1,970  ft).  The 
outside  cylinder  would  then  be  subject  to  a  pressure  of  30  atmos- 
pheres and  the  interior  cylinder  to  a  similar  pressure  from  the 
outside,  each  being  amply  strong  to  resist  this  pressure. 

Aside  from  the  fact  that  by  use  of  double  tubbings  the  walls  are 
reduced  to  a  feasible  thickness,  we  find  in  this  arrangement  a 
means  of  diminishing  the  difficulties  in  handling  the  tubbing, 
which  frequently,  in  the  case  of  very  heavy  castings,  become 
almost  insuperable.  For  example,  in  a  shaft  600  meters  (1,970  ft.) 
deep,  the  lower  tubbing  rings,  respectively  4.1  meters  (13.4  ft.)  in 
the  clear  by  1.2  meters  (3.9  ft.)  high,  would  require  a  thickness  of 
180  millimeters  (7.2  inches)  and  consequently  would  weigh  30,000 
kilos  (66,000  lbs.)  each.  The  weight  of  the  moss-box  for  such  a 
lining  would  be  approximately  70,000  kilos  (154,000  lbs.). 

For  lowering  the  tubbing,  the  following  method  is  in  use.  A 
platform  is  built  above  the  water  level  in  the  shaft  and  on  this  the 
moss-box  is  set  up.  Upon  the  latter  the  first  tubbing  ring  is  put 
in  place.  The  lowering  apparatus  is  then  attached  ;  the  ring  and 
the  moss- box  are  raised  and  the  platform  removed,  allowing  the 
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rings  to  be  lowered  into  the  water  so  that  the  upper  edge  of  the 
tubbing  still  protrudes,  say  half  a  meter.  In  this  position  the  moss- 
box  and  the  tubbing  will  displace  about  28,000  kilos  (61,600  lbs.) 
of  water,  so  that  the  lowering  apparatus  supports  (70,000  +  30,000) 
—  28,000=72,000  kilos  (158400  lbs.).  Each  similar  tubbing 
ring,  4.1  meters  (13.4  ft)  in  diameter  and  1.2  meters  (3  9  ft.)  high, 
will  displace  18,000  kilos  (39,600  lbs.)  of  water.  As  the  ring  itself 
weighs  30,000  kilos  (66,000  lbs.)  each  successive  ring  of  the  same 
thickness  adds  a  further  load  of  12,000  kilos  (26,400  lbs.).  How- 
ever, allowing  for  the  decreasing  thickness  of  tubbing  toward  the 
top,  each  ring  added  will  weight  the  lowering  appliances  less  than 
the  previous  one.  Nevertheless,  it  is  clear  that  the  total  weight  of 
such  a  set  of  tubbing  will  soon  become  so  large  that  it  cannot  be 
supported  by  any  reasonably  strong  apparatus. 

In  the  case  of  double  tubbings,  the  individual  rings  have  only 
half  the  thickness  and  half  the  weight.  The  first  operation  con- 
sists in  lowering  the  moss-box  with  its  accompanying  ring.  As 
the  amount  of  water  displaced  per  ring  is  18,000  kilos  (39,600  lbs.) 
and  the  weight  of  the  ring  only  15.000  kilos  (33,000  lbs.)  the 
weight  on  the  lowering  apparatus  will  be  reduced  by  3,000  kilos 
(6,600  lbs.)  per  ring.  This  reduction  will  increase  with  the  de- 
creasing thickness  of  the  walls.  Having  inserted  the  usual  dia- 
phragm, a  point  is  soon  reached  at  which  the  lowering  apparatus 
is  entirely  relieved  of  strain,  and  the  tubbings,  by  virtue  of  their 
buoyancy  will  exert  an  upward  pressure. 

If  the  shaft  be  very  deep,  the  possibility  arises  that  the  surplus 
buoyancy  in  the  upper  thin  part  of  the  tubbing,  which  was 
formerly  counteracted  by  water  ballast,  will  carry  the  weight  of 
the  interior  tubbing.  At  this  point  work  should  commence  with 
the  installation  of  the  inner  tubbing  rings  at  the  bottom  of  the  out- 
side ones,  which  should  keep  pace  with  the  erection  of  the  outer 
tubbing.  When  the  inner  tubbing  has  reached  the  necessary 
height,  the  space  between  the  two  sets  is  closed  above  and  filled 
with  compressed  air  corresponding  in  its  tension  to  the  outside 
strain  on  the  exterior  tubbing.  After  closing  the  outside  set  of 
tubbing  with  the  diaphragm,  the  whole  can  be  lowered  without 
danger. 

When  the  lining  comes  to  rest  in  the  bottom  of  the  shaft,  the  air 
is  replaced  by  water,  and  the  space  between  the  walls  of  the  shaft 
and  the  outside  tubbing  is  concreted.     If  concreting  is  not  resorted 
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to,  the  water  in  the  annular  space  between  the  two  cylinders  must 
be  sufficiently  high,  on  completion  of  the  lining,  to  counteract  the 
outside  pressure  on  the  exterior  tubbing.  Naturally,  a  set  of  tub- 
bing will  be  very  long  in  deep  shafts  and  frequently  exceed  what 
is  absolutely  necessary  for  rendering  the  shaft  water-tight.  In 
such  cases  it  is  best  to  concrete  the  outside  cylinder  only,  so  far 
as  it  is  required,  and  to  remove  the  superfluous  tubbing  rings. 

Where  the  conditions  in  a  very  deep  shaft  demand  only  a  short 
length  of  double  tubbing,  the  following  system  of  lowering  may  be 
adopted.  The  outside  cylinder,  provided  with  upper  and  lower 
diaphragms,  is  lowered  first  in  the  usual  manner.  While  it  is 
sinking,  compressed  air  is  admitted  through  a  pipe  attached  to  the 
lowering  rods.  As  the  tubbing  sinks  deeper,  the  air  pressure 
would  be  correspondingly  increased,  but  should  never  exceed 
more  than  one  half  of  the  outside  pressure  at  any  one  time.  When 
the  cylinder  reaches  the  bottom,  the  air  should  be  replaced  with 
water  and  the  outside  cylinder  as  usual  concreted.  The  upper 
diaphragm  and  equilibrium  pipe  are  then  taken  out.  Next,  the 
lower  diaphragm  is  either  removed  and  the  interior  cylinder  put  in 
place  with  bottom  and  top  in  a  3imilar  manner,  or  else  the  lower 
diaphragm  of  the  outer  cylinder  is  allowed  to  remain  for  the  time 
being,  and  the  interior  cylinder  is  lowered  upon  it.  It  is  evident 
that  the  method  of  installing  the  tubbing  will  depend  largely  on 
the  depth  and  will  require  careful  consideration  in  each  special 
case.  A  patent  has  been  applied  for  covering  the  use  of  double 
tubbings  and  the  application  of  compressed  air  or  water  under  hy- 
draulic  pressure  during  the  operation  of  lowering  them. 

The  subjoined  list  of  shafts  already  completed  by  means  of  the 
Kind-Chaudron  system  is  very  significant,  in  that  it  demonstrates 
that  the  method  may  be  applied  with  assured  success  in  spite  of 
the  greatest  technical  difficulties.  A  further  circumstance  is 
worthy  of  mention,  viz :  That  the  system  has  scarcely  ever  been 
applied  except  as  a  last  resort,  and  that  in  such  cases,  it  has  been 
used  only  for  comparatively  small  portions  of  the  respecti\re  shafts ; 
a  fact  which  neutralizes  in  great  measure  the  objection  often  raised 
that  it  is  slow  and  very  expensive.  It  may  be  added,  moreover, 
that  a  system  which  thus  far  has  invariably  led  to  success  even 
under  the  most  difficult  conditions,  cannot  be  directly  compared 
to  other  systems  which  have  failed  before  it  was  brought  into  ser- 
vice.     A  parallel  would  be  found  in  a  comparison  of  two  shafts 
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which  were  put  down  by  hand,  that  one  being  wet,  the  other  hav- 
ing to  contend  with  an  inflow  of  say  lo  cubic  meters  (2,640  gals.) 
of  water  per  minute.  Frequently,  it  would  be  advisable  to  begin 
drilling  operations  before  encountering  the  difficulties  which  make 
all  other  methods  of  sinking  impossible.  This  is  specially  true 
when  it  is  known  beforehand  that  the  system  will  ultimately  have  to 
be  resorted  to.  Work  might  then  commence  under  more  favorable 
conditions,  and  being  prosecuted  with  greater  speed,  would  show 
a  lower  average  cost,  as  well  as  permit  of  prorating  the  expensive 
preliminary  expenditure  over  a  greater  length  of  shaft.  Such  a 
policy  would  avoid  the  very  large  expense  which  is  usually  in- 
curred before  insuperable  difficulties  force  the  abandoment  of  all 
other  methods.  The  greater  depth  of  shaft  drilled  could  be  com- 
pleted more  rapidly  and  cheaply  than  by  other  means,  which 
latter  would  naturally  involve  the  great  expense  incurred  in  sinking 
the  last  few  meters  by  hand  before  stopping  work.  Operating 
costs  for  the  ordinary  methods  of  shaft  sinking  where  large  quanti- 
ties of  water  have  to  be  handled,  are  excessive  and  the  progress  is 
slow.  Against  this  may  be  placed  the  fact  that  the  running  ex- 
penses of  a  Kind-Chaudron  boring  plant  when  actually  at  work 
are  really  very  moderate. 


A  RAPID  METHOD  FOR  THE  DETERMINATION  OF 

ARSENIC  IN  ARSENOPYRITE. 

By  J.   L.   DANZIGER  AND  W.   H.   BUCKHOUT. 
[Contribation  from  the  Havemeyer  Laboratories,  Columbia  UmTersity,  No.  80.] 

The  lack  of  a  rapid  method  for  the  estimation  of  arsenic  in 
arsenopyrite  led  to  a  series  of  experiments  the  results  of  which 
are  given  briefly  in  this  article. 

The  favorite  method  for  the  determination  of  arsenic  by  smelter 
chemists  has  been  that  devised  by  Dr.  Pearce  and  later  modified 
by  Canby  and  by  Bennet ;  and  while  this  is  satisfactory  for  the 
majority  of  western  ores  containing  small  percentages  of  arsenic, 
it  gives  low  results  with  arsenopyrite  unless  extraordinary  precau- 
tions are  taken  to  avoid  volatilization  of  arsenic  during  the  fusion. 
This  difficulty  can  be  avoided  by  using  sodium  peroxide  in  place 
of  the  mixture  of  potassium  nitrate  and  sodium  carbonate  recom- 
mended by  Pearce.    The  details  are  as  follows:  About  half  a 
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gram  of  the  finely  ground  ore  is  mixed  thoroughly  with  10-15 
grams  of  sodium  peroxide  in  a  wrought-iron  or  nickel  crucible, 
and  the  mixture  covered  with  a  layer  of  the  flux.  It  is  heated  to 
fusion  and  fused  for  five  minutes,  then  leached  with  boiling  water, 
boiled  till  the  excess  of  peroxide  is  completely  decomposed, 
filtered,  and  the  filtrate  treated  exactly  as  described  in  Bennet's 
modification  of  Pearce's  method.* 

After  this  method  of  decomposition  was  tested,  attempts  were 
made  to  substitute  a  shorter  method  for  the  determination  of  the 
arsenic.  There  seemed  two  possible  ways :  ist,  an  acidimetric 
method.     2d,  by  sodium  thiosulphate. 

Acidimitfic  Method. — If  the  alkaline  solution  containing  sodium 
arsenate,  sulphate  carbonate,  etc.,  is  made  acid  with  hydrochloric 
acid  and  the  CO,  expelled  and  then  titrated  back  with  standard 
alkali  using  methyl  orange  as  an  indicator,  the  change  to  yellow 
is  produced  when  the  excess  of  hydrochloric  acid  and  one  hydro- 
gen of  the  arsenic  acid  are  neutralized.  If  then  phenol  phthalein 
is  added  and  the  titration  continued  to  pink,  the  additional  alkali 
will  be  that  required  to  change  NaH^AsO^  to  Na,HAsO^  or  for 
one  H  one  Na  which  is  equivalent  to  one  arsenic. 

This  method  was  tried  with  other  indicators,  phenol  phthalein 
and  Congo  red,  luteol  and  dimethylamido  ozo  benzene  being  used, 
and  while  it  may  be  useful  when  rapidity  is  more  essential  than 
great  accuracy,  the  end  points  are  not  sufficiently  sharp  for  it  to 
be  recommended. 

Thiosulphate  Method.  —  This  is  essentially  the  method  proposed 
by  Williamson  and  described  by  Sutton  and  is  based  on  the  liber- 
ation of  iodine  by  arsenic  acid  and  the  estimation  of  the  iodine  by 
a  standard  solution  of  sodium  thiosulphate.  In  order  to  get  a 
quantitative  liberation  of  iodine  the  solution  must  be  very  strongly 
acid  and  as  this  disturbs  the  blue  color  with  starch,  giving  various 
pink  shades,  much  difficulty  was  experienced  with  the  end  point. 
It  was  finally  overcome  by  titrating  without  starch  till  only  a  trace 
of  free  iodine  remained  and  then  applying  drops  to  spots  of  starch 
solution  on  a  porcelain  tile  until  no  blue  color  was  produced.  In 
this  way  the  hydrolysis  of  the  starch  was  avoided  and  the  titration 
is  not  tiresome,  for  it  is  not  necessary  to  try  the  spot  test  till  a  few 
drops  from  the  end,  as  this  point  is  indicated  by  the  fading  of  the 
yellow  color  due  to  the  iodine.    This  titration  combined  with  the 

*y.  American  Chem,  Soc,  Vol.  21,  p.  431. 
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peroxide  fusion  was  found  to  combine  both  accuracy  and  rapidity. 
In  the  absence  of  antimony  it  is  carried  out  as  follows :  * 

Half  a  gram  of. the  finely  ground  ore  is  mixed  in  an  iron  crucible 
with  10-15  grams  of  sodium  peroxide,  and  covered  with  a  layer 
of  sodium  peroxide.  Heat  is  applied  very  gently  until  the  mass 
has  sintered  together  and  the  upper  layer  of  peroxide  becomes 
deep  yellow.  Then  the  heat  is  increased  to  bright  redness  so  that 
the  mass  melts  down  and  becomes  perfectly  liquid.  This  heat  is 
maintained  for  about  five  minutes  and  complete  decomposition 
ensured  by  holding  the  crucible  over  the  flame  and  causing  the 
contents  to  rotate.  A  Bunsen  burner  will  give  all  the  heat  re- 
quired, as  the  decomposition  is  easily  effected  without  the  aid  of  a 
blast  lamp.  The  manipulation  is  entirely  similar  to  the  well-known 
method  for  chromium  in  chromite.f 

When  the  fusion  is  complete,  it  is  allowed  to  cool  and  the  melt 
leached  with  about  100  c.c.  of  boiling  water,  then  boiled  for  a 
minute  to  decompose  the  peroxide,  allowed  to  cool  and  transferred 
to  a  200  c.c.  graduated  flask,  diluted  to  the  mark,  mixed  thoroughly, 
allowed  to  settle  and  then  decanted  through  a  dry  filter ;  100  c.c. 
of  the  clear  filtrate  is  measured  off  by  a  pipette  or  flask  and  used 
for  the  determination  of  arsenic  in  order  to  save  the  time  and  the 
dilution  involved  in  washing  the  precipitate  of  ferric  oxide,  etc. 
This  filtrate  is  acidified  strongly  with  concentrated  hydrochloric 
acid  and  concentrated  to  about  75  c.c,  so  that  all  the  carbonic 
acid  is  expelled.  No  reduction  of  arsenic  acid  has  been  observed 
at  this  point  as  the  concentration  of  hydrochloric  acid  is  small. 
Next  75  c.c.  of  cone,  hydrochloric  acid  (1. 2  sp.  gr.)  are  added  and 
the  solution  allowed  to  cool  to  the  room  temperature,  then  three 
grams  of  potassium  iodide  are  added,  best  as  a  saturated  aqueous 
solution,  and  the  liberated  iodine  is  titrated  immediately  with  a 
standard  sodium  thiosulphate  solution  (approximately  N/io)  until 
the  color  of  the  solution  is  very  light  yellow,  then  drops  of  starch 
solution  are  placed  on  a  white  tile  and  the  titration  continued  Until 
a  drop  gives  no  blue  color. 

If  the  thiosulphate  solution  has  been  standardized  by  copper, 
iodine  or  potassium  dichromate  the  calculated  value  in  terms  of 
arsenic  will  not  agree  exactly,  under  these  conditions  of  titration, 

*  "  Volumetric  Analysis,"  p.  65,  8th  EditioD.     Compare  also  Meade,  J,  Am.  C.  S,, 
21,  750. 

t Waller,/.  S,  C.  /.,  Vol.  15,  p.  436. 
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with  those  found  by  titration  against  arsenic.  The  variation  is 
however  almost  constant  and  if  one  per  cent,  of  the  standard  in 
terms  of  arsenic  is  added  to  the  calculated  value  the  results  will  be 
very  close  to  the  truth.  This  discrepancy  of  one  per  cent,  has 
already  been  observed  with  antimony  in  Youtz'  *  conditions  for 
the  Herroun-Weller  method,  so  when  these  conditions  for  titra- 
tion are  strictly  maintained  the  arsenic  standard  can  be  calculated 
from  the  antimony  standard  or  vice  versa.  It  is  however  safer  to 
standardize  by  arsenic.  Weigh  out  several  portions  of  resublimed 
arsenious  oxide  (As^OJ;  place  them  in  small  beakers,  add  to  each 
.5  gram  of  potassium  chlorate  then  20  c.c,  of  concentrated  hydro- 
chloric acid  and  heat  till  all  chlorine  is  expelled  and  the  solution  is 
colorless ;  dilute  to  75  c.c,  add  75  c.c.  of  cone,  hydrochloric  acid, 
allow  to  cool,  and  carry  out  the  titration  as  already  described.  The 
following  precautions  must  be  observed : 

1.  Before  the  fusion,  the  first  heating  must  be  done  very  cau- 
tiously, to  avoid  loss  of  arsenic.  This  is  done  by  using  a  small 
flame  which  is  kept  in  motion  so  that  it  heats  different  portions  of 
the  crucible  in  turn. 

2.  The  solution  obtained  by  leaching  the  melt  must  be  boiled 
vigorously  to  decompose  the  excess  of  sodium  peroxide  and  man- 
ganates. 

3.  The  solution  before  the  addition  of  potassium  iodide  must 
be  at  the  room  temperature  (/.  e.,  about  20°  C.)  and  must  be 
titrated  immediatf^ly.  The  question  of  temperature  is  of  great 
importance  in  this  titration. 

4.  Not  more  than  four  grams  of  potassium  iodide  should  be  used. 

5.  The  acidity  should  be  the  same  each  time  20  per  cent,  actual 
HCl  (^  vol.  of  cone.  HCl)  is  recommended.  If  the  solution  is  not 
sufficiently  acid,  the  liberation  of  iodine  is  slow  and  the  titration  be- 
comes tedious.  More  hydrochloric  acid,  on  the  other  hand,  causes 
precipitation  of  too  much  NaCl.  Uniformity  in  the  conditions  for 
titration  is  essential,  not  only  in  respect  to  the  amount  of  potassium 
iodide  added  and  the  temperature,  but  also  as  regards  the  time  which 
elapses  after  the  potassium  iodide  is  added  as  well  as  the  acidity. 

Of  the  elements  which  would  interfere  in  this  method  antimony 
is  the  only  one  likely  to  be  found  associated  with  arsenic  in  ores. 
Its  removal  is  conveniently  effected  by  Bunsen's  separation,  as  fol- 
lows :     To  the  filtrate  from  the  fusion,  hydrochloric  acid  is  added 

"i^  Dissertation  Columbia  University,  1902. 
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until  the  solution  is  just  distinctly  acid :  then  cooled  to  the  room 
temperature  and  a  rapid  stream  of  sulphuretted  hydrogen  is  passed 
in  till  the  antimony  is  completely  precipitated  as  antimony  penta- 
sulphide.  As  soon  as  the  precipitation  is  complete  the  sulphuret- 
ted hydrogen  \^  expelled  by  a  current  of  air  (not  by  heat)  and  the 
sulphide  filtered  and  washed  with  cold  water. 

When  a  considerable  quantity  of  arsenic  is  present  this  method 
has  been  found  to  give  antimony  pentasulphide  entirely  free  from 
arsenic.  The  filtrate  containing  the  arsenic  is  oxidized  by  potas- 
sium chlorate  and  hydrochloric  acid  boiled  to  expel  chlorine,  etc., 
brought  to  the  standard  conditions  and  titrated. 

A  comparison  of  results  on  three  ores  is  as  follows : 

No.  I. 
Gravimetric  weighing  as  Mg^As^O^  37*33 

Volumetric,  Pearce  (Bcnnet)  37-57 

Volumetric,  Pearce  (Na,Oj,  fusion)  38.09 

(37.88 
New  melhod  <  37*  95 

(38.10 

The  results  are  higher  in  all  cases ;  this  we  believe  to  be  due  to 
the  more  perfect  oxidation,  effected  by  the  sodium  peroxide. 
This  method  of  decomposition,  by  fusion  with  sodium  peroxide, 
was  also  tried  on  Franklinite  ores  for  the  separation  of  zinc  from 
manganese  and  iron  and  proved  to  give  complete  decomposition 
and  accurate  results  which  agreed  with  the  regular  gravimetric 
methods. 

Quantitative  Laboratory,  April,  1903. 
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No.  3. 

16.27 

10.26 

16.66 

10.41 

16.60 

10.40 

Z6.68 
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Lead  Smelting:  The  Construction,  Equipment  and  Operation  of  Lead 
Blast  Furnaces,  and  Observations  on  the  Influence  of  Metallic  Elements 
on  Slags,  and  the  Scientific  Handling  of  Smoke.    By  Malvbrn  Wells 
Ilbs,  Ph.D.     New  York,  John  Wiley  &  Sons.     1902.    Pp.  311. 
In  explaining  the  scope  and  purpose  of  his  book  Dr.  lies  says : 
^<  The  chasm  separating  theoretical  from  practical  results  is  sufficiently 
wide  and  deep  to  engulf  unmeasured  capital  and  vaultless  ambition.    The 
theory  of  smelting  is  a  prerequisite  to  successful  practice,  but  its  mastery 
does  not  complete  the  equipment.    Experience  in  applying  the  principles 
of  chemistry  and  metallurgy  to  the  hard  problems  of  smelting  activity, 
under  widely  varying  conditions  and  environment,  is  a  no  less  important 
factor  in  achieving  financial  as  well  as  theoretical  triumphs  over  nature. 
My  initial  endeavors  were  almost  coincident  with  the  birth  of  the  industry 
of  lead  smelting  in  the  United  States.  <(  3ic  «  The  knowledge  acquired 
during  a  period  covering  two  decades  came  through  direct  contact  with 
the  sterner  realities  of  smelting  life,  and  by  means  of  tests  and  experi- 
ments incident  to  the  handling  of  a  wide  range  of  mineral  substances,  by 
all  the  manifold  processes  and  devices  discovered  from  time  to  time.  "(<  *  * 
To  the  younger  men  of  the  period,  on  whose  shoulders  rests  the  responsi- 
bility for  maintaining  steady  progress  in  the  science  of  metallurgy,  I 
cheerfully  dedicate  this  volume,  in  the  confident  hope  that  it  may  be 
serviceable  in  the  solution  of  problems  along  the  broader  lines,  and  use- 
ful as  well  in  many  of  the  lesser  details." 

Add  to  this  that,  in  the  profession  for  which  this  book  is  written,  no 
man  stands  higher  in  the  opinion  of  the  practical  men  than  Dr.  lies,  and 
the  value  of  this  little  book  is  defined. 

The  first  140  pages  are  devoted  to  the  blast  furnace,  its  design,  opera- 
tion and  products.  The  contingencies  most  likely  to  be  met  with  in 
practice,  from  the  time  of  blowing  m  until  the  campaign  is  ended,  are 
successively  brought  up  and  the  best  way  to  handle  them  pointed  out. 
A  too  brief  reference  to  roasting  furnaces  follows,  and  then  the  remaining 
third  of  the  book  is  given  up  to  the  subject  of  smoke.  On  page  175  the 
writer  says : 

''  The  chief  metallurgical  losses  that  occur  in  treating  gold,  silver  and 
lead  ores  are  loss  through  smoke  and  slag.  *  *  *  The  losses  through  the 
slagr  are  now  virtually  overcome  by  the  use  of  slag  settlers.  The  saving 
of  those  passing  off  in  the  fume  of  roasting  furnaces  is  yet  to  be  achieved. 
«  ♦  *  xhe  successful  installation  of  the  bag-house,  for  collecting  fumes 
from  furnaces  smelting  lead,  gold  and  silver  ores,  marks  the  greatest  step 
taken  in  [non-ferrous]  metallurgy  during  the  century." 

On  this  point  Dr.  lies  has  recorded  a  number  of  experiments  made  by 
himself,  in  such  plain  language  that  the  beginner  in  the  study  of  the  sub- 
ject or  the  least  educated  of  furnace  foremen  can  readily  understand. 

Bradley  Stoughton. 
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The  Hydro- Metallurgy  of  Copper :  An  account  of  Processes  Adopted  in 
the  Hydro-Metallurgical  Treatment  of  Cupriferous  Ores,  Including  the 
Manufacture  of  Copper  Vitriol  with  Chapters  on  the  Sources  of  Supply 
of  Copper  and  the  Roasting  of  Copper  Ores.  By  M.  Eissler^  M.£. 
D.  Van  Nostrand  Co.,  New  York;  Crosby  Lockwood  &  Son,  Lon- 
don, 1902.     Price  {4.50  net. 

The  subject  of  the  lixiviation  of  copper  ores  is  one  which  has  consider- 
able interest  to  metallurgists,  and  comparatively  little  is  known  about  the 
more  modern  methods  used,  which  are  more  or  less  localized  and  kept 
secret.  That  the  author  has  found  difficulty  in  getting  data,  is  apparent 
from  his  remark  that :  ' '  It  will  be  readily  understood  that,  for  various 
commercial  reason?,  access  for  purposes  of  investigation,  to  the  various 
establishments,  where  such  processes  are  carried  on,  is  denied  —  a  fact 
which  accounts  for  the  lack  of  detailed  information  on  the  subject." 

Although  the  title  would  seem  to  imply  that  the  book  was  almost  en- 
tirely devoted  to  the  lixiviation  of  copper,  such  is  not  at  all  the  case. 
The  work  as  a  whole  is  divided  into  three  parts,  and  only  one  of  these, 
comprising  about  sixty  of  the  two  hundred  odd  pages  is  devoted  to  the 
lixiviation  processes*  The  other  two  parts  treat  of  the  distribution  and 
occurrence  of  copper  ores,  and  the  roasting  of  such  ores,  respectively. 

The  first  part  of  the  book  comprises  four  chapters  and  in  these  the 
author  treats  of  the  chemical  properties  of  copper  m  considerable  detail, 
and  then  takes  up  a  discussion  of  a  great  number  of  copper  mines  scattered 
all  over  the  world,  and  here  he  also  considers  the  manner  of  occurrence 
of  the  ore  in  each  particular  region. 

.  In  this  connection  there  are  many  statistics  given  with  reference  to  the 
various  mines,  and  he  concludes  with  a  detailed  account  of  the  Huelva 
district  of  Spain,  where  the  famous  Rio  Tinto  mines  are  located. 
.  Part  II.  is  devoted  to  a  discussion  of  the  various  leaching  processes  now 
used  in  different  places,  and  especially  the  work  done  at  the  Rio  Tinto 
district. 

The  refining  of  the  cement  copper  obtained  is  set  forth  briefly,  and  this 
section  concludes  with  a  description  of  the  manufacture  of  blue  vitriol. 

The  third  division  of  the  book  is  given  up  to  the  roasting  of  copper 
ores.  Here,  the  various  methods  of  roasting  in  heaps,  kilns  and  me- 
chanical furnaces,  are  discussed,  and  in  this  connection  there  are  numer- 
ous drawings  of  the  various  furnaces  used.  The  book  concludes  with  a 
brief  illustrated  chapter  devoted  to  the  consideration  of  ga^  producers. 

H.  W.  Geromanos. 
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rfE  school  is  well  equipped  with  physical  and  chemical  laboratories,  in  which  the 
students  are  required  to  perform  a  complete  set  of  experiments  illustrative  of  their 

recitations  in  physics  and  general  chemistry.  A  special  laboratory  is  devoted  to 
qualitative  chemical  analysis  for  advanced  students. 

Five  hundred  Students  of  Columbia  School  of  Mines  have  been  instructed  in  the 
Woodbridge  School.     Also  a  large  number  have  been  prepared  for  Massachusetts  In- 
stitute of  Technology,  Stevens  Institute,  Sheffield  Scientific  School,  Lawrence  Scien 
ific  School,  Troy  Polytechnic  Institute,  Cornell  University,  and  the  Classical,  Medical, 
and  Law  Departments  of  Harvard,  Yale,  Columbia  and  Princeton. 

A  summer  schcool  for  students  who  have  failed  in  June  begins  August  i3lh  and 
coaches  men  for  the  Fall  examinations.  All  classes  are  limited  to  five.  College  men 
are  coached  in  Freshman  and  Sophomore  Mathematics  and  Quantitative  Analysis. 

An  advanced  course  for  older  students  prepares  them  to  enter  the  second  year  cia^ 
Last  June  one  of  our  students  received  his  degree  in  Electrical  Engineering  in 
three  years. 
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[Contribution  from  the  Havemeyer  Laboratories  of  G)Iumbia  University,  No.  63.] 

A    STUDY     OF    THE    QUANTITATIVE    DETERMINA- 
TION  OF   ANTIMONY. 

By  lewis  a.  YOUTZ. 

PART  II. 

An  Investigation  of  the  Herroun  *- Weller's  f  Volumetric 
Method  for  the  Determination  of  Antimony. 

The  various  methods  proposed  for  the  volumetric  determination 
of  antimony  depend  either  upon  the  direct  oxidation  or  reduction 
of  the  antimony  by  the  titrating  solution;  or  indirectly  upon  the 
titration  by  means  of  sodium  thiosulphate  of  the  iodine  liberated 
in  the  reduction  (KI  and  HCl  X)f  or  in  the  oxidation  (the  iodic  acid 
method  §) ;  or  the  titration  of  a  product  reduced  by  the  antimony 
compound  (as  FeSO^  by  KMnO^,  etc.). 

Evidently  a  method  depending  upon  the  reduction  of  the  anti- 
mony compound  in  the  titration  could  be  quantitatively  accurate 
only  if  the  highest  state  of  oxidation  had  been  completely  reached 
for  the  antimony  preceding  the  titration ;  or  conversely  an  oxida- 
tion titration  could  be  accurate  only  after  a  reduction  of  the  anti- 
mony to  some  known  .degree. 

The  discordant  results  in  determining  antimony  volumetrically 
obtained  by  some  investigators  in  comparing  different  methods 

*  CAfm,  News,  45,  1 01,  1882. 

■fAnn.f  pp.  362-369,  1882. 

J  Ibidem, 

J  Cansse,  Compt.  Rend.,  125,  1 100,  1897. 
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doubtless  were  in  part  due  to  incomplete  oxidation  or  reduction. 
It  was  noted  further  that  O.  Bosek  *  in  experimenting  on  the 
action  of  potassium  chlorate  and  nitric  acid  in  oxidizing  antimony 
compounds,  found  that  antimony  could  not  be  completely  oxidized 
by  either  of  these  reagents.  The  best  oxidation  he  could  get  by 
means  of  KCIO,  was  87.65  per  cent,  of  the  antimony  oxidized. 
By  the  use  of  fuming  nitric  acid  he  could  get  only  98.23  per  cent, 
oxidized.  By  the  use  of  bromine  in  alkaline  solution  his  results 
were  as  follows : 

Unoxidized 
4  hours  boiling  of  the  solution  with  bromide,  3.89^ 
10     •♦         "  *'  **  *»  "         1-51% 

12       **  "  "  *•  **  "  0.00% 

With  this  work  before  us  it  became  necessary  to  investigate 
carefully  the  completeness  of  the  oxidation  of  the  antimony  when 
treated  with  potassium  chlorate,  nitric  acid,  or  the  other  usual  oxi- 
dizing materials. 

I.  Oxidation  of  Antimonious  Compounds. 

Metallic  antimony  as  pure  as  possible  (Kahlbaum's)  was  used  as 
a  basis  for  all  the  work  done.  Potassium  chlorate,  or  nitric  acid 
with  concentrated  hydrochloric  acid  were  used  throughout  the 
work  for  dissolving  the  antimony. 

As  a  basis  for  determining  the  degree  of  oxidation,  potassium 
iodide  in  acid  solution  seemed  to  offer  as  convenient  a  reducing 
agent  as  any,  and  iodine  in  alkaline  solution  a  satisfactory  oxi. 
dizing  agent.  These  were  used  as  in  the  well-known  method  of 
Weller  for  the  oxidized  acid  solution,  and  Mohr  for  the  alkaline 
reduced  solution. 

Determination  of  Standard  Sodium  Thiosulp/tate  and  Standard 

Iodine, 

First  attention  was  directed  toward  the  preparation  of  reliable 
standard  solutions  of  sodium  thiosulphate,  and  of  iodine.  The 
sodium  thiosulphate  solution  was  checked  against  potassium 
bichromate,  electrolytic  copper,  and  resublimed  iodine.  The  iodine 
standard  was  then  carefully  checked  against  this  sodium  thiosul- 
phate. 

[a)  Standardization  Against  Bichromate  of  Potash, — The  follow- 
ing conditions  were  found  to  give  good  results. 

*  Jour,  Lon,  Chem.  Sec.j  1895  (trans.),  515. 


DETERMINATION   OF  ANTIMONY.  409 

(i)  Approximately  .2000  g  KjCr^O^,  powdered  and  dried  at  130° 
for  1 2  hours. 

(2)  600  c.c.  to  700  c.c.  water. 

(3)  3  gratns  of  KI  crystals  added  after  acidifying. 

(4)  15  c.c.  of  concentrated  H,SO^. 

(5)  I  c.c.  starch  solution,  added  near  the  end  of  the  titration. 
With  the  sulphuric  acid  as  acidifying  agent  the  iodine  was  set  free 

readily  and  a  sharp  end  point  obtained. 

(b)  Standardization  Against  Copper, — .1000  to  .1500  gram  of  pure 
copper  foil  was  weighed  out,  dissolved  in  a  small  portion  of  nitric 
acid,  evaporated  very  nearly  to  dryness  on  the  water-bath  (less 
than  I  c.c.  of  free  acid),  diluted  to  10  or  20  cc,  made  very  slightly 
alkaline  by  dilute  potassium  hydrate,  acidified  by  acetic  acid, 
boiled  for  2  or  3  minutes,  cooled,  diluted  to  50  c.c.  or  60  c.c,  2  or 
3  grams  of  potassium  iodide  added,  and  titrated  by  sodium  thio- 
sulphate. 

[c)  Standardization  Against  Iodine. — A  portion  of  iodine  (Kahl- 
baum)  was  resublimed  with  potassium  iodide,  dried  over  calcium 
chloride,  and  portions  of  this  weighed  out  between  small  watch 
glasses,  the  glasses  with  the  iodine  placed  in  potassium  iodide  solu- 
tion, the  iodine  dissolved,  and  titrated.  Portions  from  the  bottle 
direct  gave  the  same  results.  So  the  original  sample  was  consid- 
ered pure. 

RESULTS   BY  THE  THREE   METHODS. 

The  average  for  each  method  when  calculated  to  the  antimony 
equivalent  is  as  follows,  the  atomic  weights  being  taken  as :  Cu, 
63.6;  K,  39.11 ;  Cr,  52.1 ;  O,  16;  I,  126.85  and  Sb,  120.4. 

Bichromate  titration  =  .0064927  Sb  per  cc.  hypo. 
Iodine  "  .0064990  «*    "     "      «« 

Copper  •«  .0064947   *«    *«     "      «*   . 

Testing  the  Oxidation  and  Conditions  for  Titration, 

In  making  the  solution  of  the  antimony  for  each  determination 
a  weighed  portion  of  the  powdered  sample  was  taken  and  dissolved 
in  hydrochloric  acid  with  a  small  quantity  of  nitric  acid,  or  potas- 
sium chlorate,  and  generally  both  were  used.  The  nitric  acid  how- 
ever is  by  far  the  best  solvent.  No  tartaric. acid  was  used  for  fear 
of  a  possible  interference  in  the  titration.  The  excess  of  the  chlo- 
rate or  nitric  acid  were  decomposed  by  the  addition  of  an  excess  of 
hydrochloric  acid  and  the  solution  boiled  till  the  complete  removal 
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of  chlorine  and  of  nitrogen  oxides.  After  dilution  a  portion  of  po- 
tassium iodide  was  added  and  the  liberated  iodine  titrated  directly 
by  the  standard  sodium  thiosulphate  that  had  been  checked  as  be- 
fore indicated. 

If  the  portion  of  antimony  had  been  completely  oxidized  to  an- 
timonic  acid,^  then  on  adding  an  excess  of  potassium  iodide, 
iodine  should  be  liberated  equivalent  to  the  antimony  taken,  pro- 
viding, (I)  that  the  hydriodic  acid  from  the  potassium  iodide  in 
acid  solution  had  reduced  the  antimony  completely  to  the  trivalent 
form;  (2)  that  the  antimony  contained  no  impurities;  (3)  that  the 
hydrochloric  acid,  or  dissolved  oxygen  had  no  decomposing  effect 
on  the  hydriodic  acid ;  and  (4)  that  there  had  been  no  loss  by 
volatilization,  or  otherwise,  in  getting  the  solution  of  the  antimony. 

The  limits  of  hydrochloric  acidification  were  carefully  tested. 
It  was  found  in  adding  three  grams  of  potassium  iodide  to  400 
C.C.  of  water  acidified  respectively  with  10  c.c,  20  c.c,  or  30  c.c. 
of  concentrated  hydrochloric  acid,  only  a  faint  blue  color  was  im- 
parted to  starch  added  as  an  indicator  after  standing  ten  min- 
utes in  the  case  where  30  c.c.  of  acid  had  been  added.  About  20 
c.c.  of  acid  to  400  c.c.  of  water  was  thus  the  limit  for  safe  titration. 
Otherwise  iodine  would  be  liberated  by  the  acid  alone.  Of  course, 
hydrochloric  acid  of  itself  does  not  decompose  hydriodic  acid,  but 
the  dissolved  oxygen  of  the  solution  causes  the  liberation.  This 
was  verified  by  adding  potassium  iodide  to  acidified  water  which 
had  been  boiled  to  remove  dissolved  oxygen  and  then  allowed  to 
stand  in  an  atmosphere  of  carbon  dioxide.  Only  traces  of  iodine 
were  liberated  on  standing  for  several  hours. 

Experiments  were  also  made  to  determine  the  limits  as  to  the 
amount  of  potassium  iodide  to  be  used  as  well  as  the  acidifi- 
cation of  the  antimony  solution.  The  conditions  best  suited  for 
the  titration  were  found  to  be  as  follows : 

To  .2000  gram  of  antimony  (metallic)  dissolved  and  oxidized  by 
nitric  acid  and  hydrochloric  acid,  or  potassium  chlorate  and  hydro- 
chloric acid.  The  solution  is  then  concentrated  to  about  50  c.c. 
This  solution  would  be  about  20  per  cent,  hydrochloric  acid.  To 
this  must  be  added  about  1 5  c.c.  to  20  c.c.  of  concentrated  hydro- 
chloric acid,  and  the  whole  diluted  to  600  c.c.  or  700  c.c.  Three 
grams  of  crystals  of  potassium  iodide  are  then  added,  the  liberated 
iodine  titrated  nearly  to  the  end,  I  c.c.  of  starch  solution  intro- 

*See  Part  I.,  this  Journal,  June,  1903,  No.  2. 


DETERMINATION   OF  ANTIMONY.  41 1 

duced  and  the  titration  completed,  /.  e,^  to  no  blue  color.  The  end 
point  is  very  sharp. 

If  a  much  smaller  amount  of  potassium  iodide  is  added  the  lib- 
eration of  iodine  is  slow  and  a  definite  end  point  is  reached  which 
showed  incomplete  reduction  of  the  antimony.  Further,  if  a 
much  smaller  amount  of  hydrochloric  acid  be  used,  a  precipitate 
from  white  to  red  is  formed  during  the  course  of  the  titration. 
This  precipitate  was  proved  to  vary  from  antimony  oxychloride 
(SbOCl)  to  antimony  oxyiodide  (SbOI). 

The  results  of  a  large  number  of  titrations  under  the  above  con- 
ditions were  found  to  be  as  follows : 


Sb  taken. 

Sb  found. 

Per  cent,  of  Eiror. 

.1781  g. 

.1766 

.85% 

low. 

.1883  «« 

.1868 

.84 

it 

.2119  '* 

.2098 

.99 

<( 

,2224  ** 

.2202 

•99 

<< 

.2306  " 

.2289 

.73 

(< 

.2055  «' 

•2033 

1.05 

« 

.1358  •« 

.1341 

1.25 

li 

.1505  " 

.1487 

I.19 

(( 

.1547  " 

.1535 

.77 

<( 

.1451  " 

•1432 

1.50 

<f 

.1400  ** 

.1387 

.92 

(( 

<( 

.1587  *' 

.1565 

1.32 

(< 

.1557  " 

•1539 

1. 16 

<< 

.1962  '« 

.1938 

1.22 

«< 

.2508  " 

.2480 

.88 

(1 

.2626  " 

.2602 

.90 

<f 

.2179  «• 

.2161 

.85 

4( 

.2284  " 

.2261 

•99 

(< 

.1941  " 

.1918 

1. 18 

<( 

.2476  ** 

.2452 

.96 

<t 

.2095  " 

.2068 

1.29 

it 

.1975  " 

.1951 

1. 21 

ti 

.1900  ** 

.1893 

.37 

it 

.2065  " 

.2048 

.82 

a 

.1893  " 

.1873 

1.08 

it 

.2220  " 

.2198 

.96 

a 

These  experiments  showed  an  error  of  i  per  cent,  on  an  average, 
which  at  first  was  thought  to  indicate  incomplete  oxidation.  To 
show,  however,  that  this  was  not  the  case,  a  number  of  experiments 
were  performed,  where  weighed  portions  of  antimony  were  dissolved 
and  oxidized  as  in  the  above  determinations,  tartaric  acid  added, 
neutralized  nearly  by  sodium  carbonate,  and  rendered  alkaline  by 
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an  excess  of  sodium  bicarbonate  as  is  usual  in  Mohr's  titration 
method.  The  alkaline  solution  was  then  titrated  by  standard 
iodine.  Blanks  were  also  run  where  about  the  same  amount  of 
hydrochloric  acid  was  taken  as  in  making  the  antimony  solutiont 
this  boiled  with  I  c.c.  concentrated  nitric  acid  and  small  portions 
of  potassium  chlorate,  the  chlorine  boiled  out,  tartaric  acid  addedt 
rendered  alkaline,  and  titrated  by  iodine,  results  as  follows : 


Sb  Taken. 

c.c.  Iodine  used. 

Sb  indicated. 

Per 

cent.  Sb  Eqcdyalent. 

.2765 

0.30 

.001326 

0.45 

.2515 

0.20 

.OOO8S4 

0.35 

.2093 

O.I5 

.000633 

0.30 

.1663 

0.20 

.000884 

0.50 

The  average  of  several  blanks  gave : 

0.15  iodine  =.000633  '^^* 

On  the  supposition  that  an  antimonious  salt  in  alkaline  solution 
is  completely  oxidized  on  titration  by  iodine,  the  results  of  the 
above  work  would  undoubtedly  show  that  antimony  is  completely 
oxidized  to  the  highest  state  by  potassium  chlorate  and  nitric  acid 
in  hydrochloric  acid,  or  at  least  within  the  limits  of  experimental 
error.  I  was  unable  to  understand  the  results  of  Bosek  given  on 
page  408. 

2.  Testing  for  Impurities  in  the  Sample  of  Antimony  Used. 

The  almost  constant  error  of  i  per  cent,  low  in  the  titrations  of 
antimony  therefore  was  not  due  to  incomplete  oxidation.  A  series 
of  investigations  were  now  made  in  the  hope  of  discovering  the 
cause  of  the  error.  Naturally  it  was  thought  to  be  due  to  an 
impurity  in  the  antimony  sample,  so  a  number  of  tests  were  very 
carefully  carried  out  to  find  the  impurity  if  possible.  The  sample 
of  antimony  was  "  Kahlbaum's  best,"  and  it  was  hardly  expected 
to  be  impure.  The  following  materials  were  most  carefully  tested 
for :  sodium,  potassium,  copper,  bismuth,  lead,  silver,  tin ,  iron,  pho.s- 
phorus,  sulphur  and  oxygen.  Among  these  only  a  trace  of  iron 
was  found.  This  however  would  give  high  results  in  the  titration, 
and  not  low,  as  was  constantly  found.  Arsenic  would  also  give 
high  results  if  present.  The  oxygen  was  tested  for  by  making  a 
combustion  of  the  sample  in  a  stream  of  hydrogen.  No  impurities 
being  found,  attempts  to  make  metallic  antimony  from  recrystallized 
tartar  emetic  were  made,  so  as  to  compare  results  of  the  titration 
on  this  sample. 
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First  "  c.  p."  tartar  emetic  recrystallized  three  times  was  heated 
in  air,  till  a  mass  of  metallic  antimony  and  antimony  oxide  had 
formed,  then  this  mass  was  fused  whh  potassium  cyanide.  This 
sample  was  found  to  contain  about  2  per  cent,  of  impurity,  potas- 
sium as  one  part.  Next  antimony  was  obtained  by  the  direct  fusion 
of  the  tartar  emetic.  Two  samples  made  by  this  method,  on  titra- 
tion by  the  same  method  as  above,  gave  .92  per  cent,  low  and  .74 
per  cent,  low  respectively.  Potassium  was  tested  for  in  these  sam- 
ples and  none  found.  Still  another  sample  of  antimony  was  made 
by  producing  antimony  hydride  by  zinc  and  acid  in  the  ordinary 
Marsh  apparatus,  this  decomposed  in  a  tube  at  red  heat,  and  the 
metallic  antimony  deposited,  then  titrated.  The  usual  I  per  cent, 
low  resulted  in  this  sample  as  in  the  others. 

From  the  tests  it  seemed  impossible  that  the  error  was  due  to  an 
impurity. 

3.  Testing  for  Volatilization  or  Mechanical  Loss. 

The  vessel  used  in  making  the  solution  of  the  antimony  in  most 
of  the  above  experiments  was  a  beaker  of  about  800  c.c.  capacity, 
covered  with  a  watch  glass.  Thinking  that  there  might  be  me- 
chanical loss  in  boiling,  several  samples  were  dissolved  and  oxidized, 
using  instead  of  the  beaker  a  long-necked  Kjehldahl  flask.  The 
solution  was  then  titrated.     The  usual  i  per  cent,  low  was  found* 

To  more  carefully  test  the  volatility  of  the  antimony  in  going 
into  solution,  samples  were  dissolved  in  the  above  flask,  connected 
with  a  condenser  and  all  products  distilling  over  collected  in  a 
vessel  of  water,  the  delivery  tube  dipping  into  the  liquid.  To  this 
water  and  distillate  was  added  a  few  cubic  centimeters  of  sulphuric 
acid,  evaporation  made  on  a  water-bath,  till  most  of  the  water, 
hydrochloric  and  nitric  acid  had  evaporated.  The  residue  gave  no 
test  for  antimony.  Two  samples  of  antimony  from  which  the  dis- 
tillate had  been  thus  collected  and  tested  gave  when  titrated  1.06 
per  cent,  low,  and  1.20  per  cent,  low  respectively.  The  low  results 
evidently  were  not  due  to  volatilization,  which  again  confirms  the 
results  obtained  in  testing  the  non-volatility  of  antimonic  acid 
recorded  in  Part  I.  of  this  paper.* 

Determination  of  Antimony  EJectrolytically, 
To  test  still  further  whether  the  sample  weighed  out  in  each 


*  This  Journal,  January,  1903. 
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titration  contained  actually  as  many  milligrams  of  antimony  as 
the  weight  indicated,  a  number  of  samples  were  weighed,  dissolved 
and  oxidized  as  usual,  titrated  without  starch  as  indicated,  the  anti- 
mony then  precipitated  by  sulphuretted  hydrogen,  this  sulphide 
dissolved  by  sodium  sulphide  and  electrolyzed. 
Conditions  of  the  electrolysis  were  as  follows : 
(i)  50  C.C.  of  a  saturated  solution  of  sodium  sulphide. 

(2)  30  c.c.  of  water. 

(3)  60  c.c.  to  70  c.c.  of  a  20  per  cent,  solution  of  sodium  sulphite. 

(4)  This  mixture  with  the  antimony  warmed  till  colorless  in  a 
platinum  dish. 

(5)  One  series  was  electrolyzed  at  60°  C.  for  three  or  four  hours 
with  a  current  of  0.7  to  i.oo  ampere.  The  other  series  electrolyzed 
at  the  ordinary  temperature  with  current  of  0.25  ampere  over 
night. 

Results  of  series  electrolyzed  at  60°  C. : 

Sb  taken.      Sb  Found  by  Titr.  Per  Cent.  Error  by  Tiir.  Sb  Found  by  Elect.    Error  by  Elect. 
.2140  .2119  .90  low.  .2166  1.2  %  bigh. 

.2316  .2292  I.OO     **  .2318  0.0    •*   " 

.2825  .2795  1-03      **  -2844  .67 


<i     n 


Electrolyzed  at  ordinary  temperature : 

Sb  Taken.  Sb  Found.  Per  Cent.  Error. 

.2258  .2262  0.00 

.2743  -2747  0.00 

.2136  .2150  .65  %  high. 

.2227  .2243  .75  <*  ** 

It  was  very  difficult  to  get  good  results  by  electrolyzing  under 
these  conditions,  and  these  seem  to  be  the  most  favorable  yet 
known.  The  results  were  not  concordant,  though  if  they  show 
anything,  it  is  that  the  antimony  was  present  as  weighed  out.  The 
deposit  in  all  these  cases  was  well  adherent  and  of  dull  metallic 
luster.  There  is  a  great  tendency  to  deposit  sulphur,  however,  and 
the  method  seemed  to  be  unreliable  as  a  check. 

4.    Reduction  of  Antimony  to  the  Trivalent  Form. 

HistofkaL 

The  work  so  far  gives  no  explanation  of  the  one  per  cent,  error. 
It  could  yet  be  due  to  at  least  one  other  cause,  viz.,  incomplete  re- 
duction by  the  hydriodic  acid.  Indeed  complete  reduction  of  an- 
timony has  been  found  to  be  difficult  especially  when  boiled  with 
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sulphur  dioxide,  or  sodium  sulphite  in  acid  solution,  as  is  most 
usual  in  getting  the  antimony  in  condition  for  Mohr's  titration. 

Knorre  *  states  that  good  reduction  of  antimony  by  sodium 
sulphite  in  acid  solution  is  not  possible  in  an  open  vessel,  but  by 
adding  a  small  amount  of  sodium  sulphite  to  the  acid  solution  in 
a  bottle,  then  closing  the  bottle  and  heating  on  a  water-bath,  thus 
allowing  the  sulphur  dioxide  to  act  under  considerable  pressure, 
the  reduction  is  complete. 

Clark  t  found  that  antimony  ores,  if  dissolved  by  hydrochloric 
acid  in  the  presence  of  iodine,  are  oxidized  only  to  the  trivalent 
form,  and  if  after  boiling  out  the  excess  of  iodine,  or  titrating  the 
lost  traces  of  iodine  by  sodium  sulphite,  the  solution  is  neutralized 
and  titrated  by  iodine,  good  results  could  be  obtained. 

Gooch  and  Gruener  %  reduced  the  solution  by  boiling  it  with 
potassium  iodide  in  acid  solution,  taking  up  the  last  traces  of 
iodine  with  sulphur  dioxide.  They  considered  the  reduction  com- 
plete. 

M.  Rohmer  §  says  antimony  cannot  be  completely  reduced  by 
boiling  with  sulphur  dioxide  alone,  but  if  one  gram  of  potassium 
bromide  is  added  with  the  sulphur  dioxide,  the  reduction  is  com- 
plete. 

Experimental, 

Testing  Methods  of  Reduction. 

(a)  Sulphur  Dioxide  in  Open  Vessel.  —  In  these  experiments  the 
metallic  antimony  was  dissolved  in  hydrochloric  acid,  nitric  acid 
and  potassium  chlorate  as  usual  in  a  tall  beaker  covered  with  a 
watch  glass.  After  boiling  out  the  free  chlorine,  30  c.c.  of  an  ap- 
proximately 5-per-cent.  sulphur  dioxide  solution  were  added,  most 
of  the  free  sulphur  dioxide  removed  by  boiling,  then  30  c.c.  more 
of  the  sulphur  dioxide  added,  and  boiled  out  completely.  Two 
grams  of  tartaric  acid  were  then  added,  the  solution  made  alkaline 
by  sodium  bicarbonate  and  titrated  by  standard  iodine.  The 
iodine  standard  had  been  carefully  checked  against  the  sodium 
thiosulphate  solution  used  in  all  the  previous  titrations. 

Results  as  follows : 

^  Zeits,  Angew,  Chem.y  155-157,  1888. 
ty.  S.  C.  /.,  1896,  255-257. 
X  Am.  Jour.  Set.,  3,  42,  2 1 3-220. 
iBfr.,  1901,34,  1565. 
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Sb  Taken.  Sb  Found.  Per  Cent.  Error. 

.2075                                        -2055  .96  low. 

.1817                                        .1794  1.26    *• 

.1963                                        -1940  1. 12    *< 

(d)  Sulphur  Dioxide  in  Closed  Vessel.  —  Two  experiments  were 
made  when  the  oxidized  solution  was  placed  in  a  strong  bottle,  6a 
C.C.  of  the  sulphur  dioxide  solution  added,  the  bottle  closed  gas- 
tight  and  heated  for  an  hour  immersed  half-way  in  a  water-bath. 
The  sulphur  dioxide. then  boiled  out,  tartaric  acid  added,  made 
alkaline  and  titrated  by  iodine.     Results  : 


Sb  Taken. 

Sb  Found. 

Per  Cent.  Error 

.1706 

.1684 

1.20  low. 

.2262 

.2232 

1.30    •* 

{c)  Precipitation  as  Sulphide  and  Solution  in  HCL  —  In  this  ex- 
periment the  antimony  was  dissolved  as  usual  and  titrated  by 
sodium  thiosulphate,  the  antimony  precipitated  by  hydrogen  sul- 
phide, this  dissolved  in  concentrated  hydrochloric  acid,  the  hydro- 
gen sulphide  removed  by  warming  (not  boiling),  tartaric  acid 
added,  etc.,  and  titrated. 

The  reduction  here  depends  on  the  fact  generally  recognized 
that  antimony  precipitated  in  the  form  of  antimony  pentasulphide 
is  converted  to  antimony  trichloride  by  solution  in  hydrochloric 
acid,  sulphur  being  freed  in  equivalent  amount. 

Sb  Taken.  Sb  Found  by  Hypo.  Per  Cent.  Error.  Sb  by  Iodine.  Per  Cent.  Error 

.2065  .2242  1. 10  low.  .2048  .87  low. 

[d)  Reduction  by  Sulphur  Dioxide  and  Potassium  Bromide.  —  The 
solution  was  treated  with  40  c.c.  of  the  sulphur  dioxide  solution 
and  I  gram  of  potassium  bromide,  as  suggested  by  Rohmer.  The 
sulphur  dioxide  was  then  boiled  out  and  the  antimony  titrated  by 
iodine. 

Sb  Taken.  Sb  Found.  Per  Cent.  Error. 

.2495  -2465  1.2  low. 

By  these  other  methods  of  reduction  it  is  seen  that  no  higher 
results  were  obtained  than  had  been  secured  by  the  sodium  thiosul- 
phate titration,  and  consequently  if  the  low  results  were  due  to 
incomplete  reduction,  no  better  results  could  be  obtained  by  these 
means  than  by  potassium  iodide  in  cold  acid  solution. 

[e)  Reduction  by  Potassium  Iodide  in  Acid  Solution  by  Boilings 
A  few  experiments  were  made  where  two  or  three  grams  of  potas- 
sium iodide  were  added  to  the  oxidized  solution  and  the  liberated 
iodine  distilled  over,  thus  hoping  to  get  better  reduction  by  the 
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boiling  hydriodic  acid  solution.  The  difficulty  of  driving  the  last 
portions  of  iodine  over  here  were  considerable,  so  that  in  each  case 
the  last  portions  of  iodine  in  the  solution  had  to  be  taken  up  with 
sulphur  dioxide,  or  sodium  thiosulphate  before  neutralization. 
This  introduced  a  complication  that  made  the  method  uncertain 
and  concordant  results  difficult  to  obtain. 

(/)  Effect  of  Largely  Increasing  the  Potassium  Iodide.  —  It  was 
thought  that  possibly  better  reduction  (if  indeed  it  was  not  already 
complete)  would  be  obtained  by  adding  larger  amounts  of  potas- 
sium iodide  before  titrating  with  sodium  thiosulphate.  In  these 
experiments  the  condition  as  to  the  amount  of  hydrochloric  acid 
was  the  same  as  in  all  other  sodium  thiosulphate  titrations.  The 
results  were  as  follows  : 


Sb  Taken. 

KI  Added. 

Sb  Found. 

Percent 

.  £nt>r, 

.2205 

I 

gram. 

.2176 

1.32] 

low. 

.2470 

2 

.2440 

•91 

.2230 

2.5 

.2208 

.96 

.2280 

5 

•2259 

.91 

•2459 

5 

.2436 

•92 

.2276 

10 

.2265 

.48 

.2111 

10 

.2094 

.80 

.2610 

10 

.2594 

•59 

•  2152 

20 

.2142 

•47 

.2665 

20 

.2651 

.51 

.2214 

20 

.2208 

•30 

•2578 

40 

.2578 

.00 

.2273 

40 

.2275 

.00 

.2417 

60 

.2424 

.38  high. 

It  was  at  first  thought  that  possibly  the  iodine  freed  by  adding 
the  potassium  iodide  to  the  antimonic  compound  formed  a  balanced 
reaction  with  the  antimony  as  in  the  equation 

SbjOj  +  2H2O  +  41!^  4HI  +  Sb,0,. 

If  such  a  balance  should  be  established  the  amount  of  iodine  thus 
made  to  reoxidize  antimony  would  depend  upon  the  concentration 
of  the  hyriodic  acid  in  the  solution.  By  increasing  this  concentra- 
tion by  the  addition  of  a  larger  quantity  of  potassium  iodide,  it  was 
hoped  that  finally  a  point  would  be  reached  where  an  amount  Of 
iodine  would  be  freed  exactly  equivalent  to  the  antimony.  The 
results,  as  seen  from  the  table,  seemed  to  bear  out  this  view  till  the 
last  experiment  was  performed,  when  it  was  seen  that  too  large  an 
amount  of  iodine  had  been  freed.     Then  a  number  of  blanks  were 


KI 

Iodine  Afcer 

10  Minutes'  Sumdin^ 

3  grams. 

0.00 

lo     ** 

.locc.  hjrpo. 

20      ** 

.20   "       " 

40      ** 

.40   *'       " 

60     ** 

.70   "       '« 
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run  where  in  each  case  700  c.c.  of  water  was  acidified  with  hydro- 
chloric acid  to  the  same  degree  as  in  the  usual  sodium  thiosulphate 
titrations,  and  the  amount  of  potassium  iodide  varied.  The  iodine 
liberated  was  taken  up  by  sodium  thiosulphate.  The  results  were 
as  follows: 

H,0  HQ 

700  c.c.  30  C.C. 

700  "  30  " 

700  *<  30  *« 

700  **  30  ** 

700  **  30  ** 

On  the  basis  of  .2000  gram  of  antimony  taken  .4  c.c.  of  the 
sodium  thiosulphate  would  be  equivalent  to  about  1.2  per  cent,  of 
antimony.  These  results  showed  that  as  the  concentration  of  the 
hydriodic  acid  was  increased  iodine  was  liberated  in  increasing 
amounts,  probably  due  to  the  action  of  dissolved  oxygen  on  the 
large  excess  of  hydriodic  acid  present. 

The  foregoing  experiments  lead  to  the  conclusion  that  the  re- 
duction of  antimony  by  hydriodic  acid  as  in  the  sodium  thiosul- 
phate titration  is  as  complete  as  by  the  other  methods,  and  that 
the  reduction  is  complete  in  all.  However  Weller  in  his  original 
paper  states  that  he  obtained  good  results  when  he  distilled  over 
the  iodine  and  titrated  it.  Also  Herroun  *  by  direct  titration  con- 
siders the  method  accurate.  These  higher  results  may  be  ac- 
counted for  easily,  when  it  is  noticed,  as  in  Weller's  method,  that 
on  heating  a  solution  of  potassium  iodide  acidified  with  hydro- 
chloric acid  (containing  dissolved  oxygen),  a  considerable  amount 
of  iodine  is  set  free  even  when  no  antimony  is  present  to  be  re- 
duced, and  also  when  the  very  strongly  acid  solution  of  the  anti- 
mony used  by  Herroun  is  taken  into  account.  In  a  few  experi- 
ments tried  to  determine  whether  higher  results  would  be  obtained 
with  stronger  acidification,  it  was  found  that  as  the  amount  of  acid 
was  increased  higher  results  were  obtained  till,  when  150  c.c.  of 
concentrated  hydrochloric  acid  was  added  to  600  c.c.  of  the  solu- 
tion of  antimony,  the  titration  gave  exactly  theoretical  results. 

Incomplete  reduction  thus  did  not  explain  the  i-per-cent.  dis- 
crepancy. Further  experiments  were  undertaken  to  test  more  fully 
the  effect  of  oxygen  dissolved  in  the  solution,  also  whether  mass 
action  was  affecting  the  results. 

To  test  the  result  of  removal  of  air,  a  solution  of  the  antimony 
was  made  in  the  usual  manner,  this  diluted  to  500  c.c.  or  600  c.c. 
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and  boiled  for  some  time  to  remove  the  dissolved  oxygen,  the  so- 
lution then  cooled  in  an  atmosphere  of  carbon  dioxide  and  the 
titration  made  under  varying  conditions  as  to  temperature  concen- 
tration of  hydriodic  acid,  antimony,  etc.,  as  indicated  by  the  follow- 
ing table. 


Sb  Taken. 

Temp. 

Atonosphere. 

KI. 

Sb  Found. 

Error. 

(I)  .2198 

18.3^ 

'C. 

air 

3  grams. 

.2175 

I.Ol  % 

(2)  .1973 

26.5 

CO, 

3 

<< 

.1951 

1.09   '* 

(3).i8«6 

20 

CO, 

10 

<< 

.i860 

1.38   " 

(4)  .2122 

21 

CO, 

20 

(( 

.2099 

1.09   ** 

(5)  .2091 

22 

CO, 

40 

«t 

•2075 

.76  ** 

(6)  .3976 

20 

air 

3 

({ 

.3936 

1. 00  •* 

(7)  .6095 

23 

air 

3 

it 

.6028 

I. II    ** 

(8)  .8072 

20 

air 

3 

i( 

•7971 

1.25    " 

(9)  -2236 

0 

air 

3 

(C 

.2207 

1.20  «* 

(10)  .2429 

0 

CO, 

3 

(( 

.2403 

1. 10   " 

No.  I  above  is  given  simply  for  comparison.  In  2,  3,  4  and  5 
where  the  titration  was  made  in  the  absence  of  dissolved  air  and 
in  an  atmosphere  of  carbon  dioxide  it  is  seen  that  varying  the 
quantity  of  potassium  iodide  under  these  conditions  had  no  effect 
on  the  liberation  of  iodine.  In  6,  7  and  8  where  the  quantity  of 
antimony  was  varied,  the  titration  showed  no  change  in  the  usual 
liberation  of  iodine.  In  9  and  10  the  titration  was  made  in  air  and 
in  carbon  dioxide  at  o^  C,  with  no  variation  in  the  amount  of 
iodine  set  free. 

Clearly  mass  action  does  not  seem  to  be  the  cause  of  the  dis- 
crepancy from  the  theoretical.  It  should  be  noted  however  that 
at  0°,  especially  in  the  absence  of  oxygen,  the  iodine  was  liberated 
more  slowly  than  at  the  usual  temperature,  and  also  that  increased 
acidification  in  the  absence  of  oxygen  did  not  affect  the  amount  of 
iodine  liberated,  except  that  with  very  strong  acid  the  potassium 
iodide  is  less  soluble,  and  consequently  the  iodine  appeared  to  be 
liberated  slowly. 

The  error  of  i  per  cent,  is  as  yet  unexplained,  and  the  investi- 
gations are  still  in  progress. 

Accuracy  and  Adaptabiutv  of  the  Herroun-Weller  Method 

FOR  Ordinary  Use. 

Of  the  volumetric  methods  for  antimony  the  direct  titration  of 
the  iodine  liberated  by  the  addition  of  potassium  iodide  to  antimony 

*  Chem.  NewSf  1882,  45,  lOI. 
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solution  after  oxidation  by  nitric  acid  and  potassium  chlorate  in 
hydrochloric  acid  solution,  no  tartaric  acid  being  used,  gives  as 
accurate  results  as  Mohr's  method,  and  the  method  is  much  simpler 
to  carry  out.  Tin,  if  present,  does  not  interfere,  as  it  would  be  oxi- 
dized to  the  stannic  condition,  and  is  not  reduced  by  hydriodic  acid. 
This  was  shown  to  be  true  by  a  pumber  of  experiments  where  tin 
was  added  to  the  antimony. 

The  I  per  cent,  error  constantly  found,  it  will  be  noticed,  is  cal- 
culated on  metallic  antimony  and  in  the  analysis  of  an  ore  if  only 
25  per  cent,  or  less  of  antimony  is  present  the  method  would  be 
within  the  limits  of  error  in  technical  work.  For  great  accuracy  a 
correction  of  i  per  cent,  on  the  antimony  found  can  be  added, 
when  the  standard  of  the  "  hypo  "  is  calculated  from  iodine  copper 
or  potassium  dichromate. 

Two  ores  analyzed  gave  as  follows : 

Ore  Taken.  Per  Cent.  Sb  Found. 

(i)    .9847  18.65  Per  Cent 

(2)  1.0462  18.68 

(3)  .8966  18.63 

The  ore  contained  arsenic  and  iron.  In  the  first  two  cases  the 
arsenic  was  distilled  over  by  Fischer's  distillation,  the  antimony 
then  precipitated  by  hydrogen  sulphide ;  this  sulphide  dissolved  by 
HCl,  HNO,,  KCIO,  and  titrated  as  usual.  In  the  third  case  the 
arsenic  was  separated  by  precipitation  in  1.17  sp.  gr.  solution  of 
hydrochloric  acid.*  A  gravimetric  determination  of  this  ore  gave 
1 8.74. 

Another  ore  containing  no  arsenic  gave  results  as  follows:  45.35 

per  cent,  45.21  per  cent.,  45.25  per  cent.     There  is  no  trouble 

whatever  to  get  concordant  results  and  the  end  point  is  all  that 

can  be  desired. 

Conclusions. 

The  conclusions  to  be  drawn  from  this  work  are : 

1 .  Antimony  is  completely  oxidized  by  nitric  acid  and  potassium 
chlorate  in  hydrochloric  acid  solution,  in  the  absence  of  tartaric 
acid. 

2.  Antimony  is  completely  reduced  by  boiling  with  sulphur 
dioxide  in  open  or  closed  vessel ;  or  by  sulphur  dioxide  and  potas- 
sium bromide ;  or  by  potassium  iodide  in  cold  hydrochloric  acid 
solution. 

"i^Pathusoo's  Method. 
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3.  The  direct  titration  of  antimonic  solutions  by  Herroun's- 
Weller  method  gives  very  concordant  results,  but  is  I  per  cent, 
low,  calculated  on  metallic  antimony  with  atomic  weight  1204. 

4.  The  conditions  for  getting  this  result  must  be  within  rather 
narrow  limits  and  are  as  follows : 

{a)  .2000  to  .2500  gram  of  antimony  (calculated  as  metal). 

{b)  Oxidized  and  dissolved  by  hydrochloric  acid,  I  c.c.  nitric 
acid,  and  successive  portions  of  potassium  chlorate,  in  the  absence 
of  tartaric  acid,  solution  reduced  to  50  c.c,  and  15  c.c.  or  20  c.c. 
of  concentrated  hydrochloric  acid  added,  then  made  up  to  about 
700  c.c.  by  the  addition  of  water. 

{c)  3  or  4  grams  crystals  of  potassium  iodide  added  to  the  cold 
solution. 

{d)  Liberated  iodine  immediately  titrated  by  sodium  thiosul- 
phate  checked  against  copper,  potassium  bichromate,  or  iodine. 

5-  The  error  of  i  per  cent,  is  not  due  to  mass  action,  but  is  yet 
unexplained. 

This  work  was  undertaken  at  the  suggestion  of  Prof.  Edmund 
H.  Miller  and  carried  out  under  his  direction. 


THE  ROSSIE   LEAD  VEINS.* 

By  C.  H.  SMYTH,  Jr. 

Were  it  not  for  the  specimens  of  calcite,  galena  and  pyrite  which 
they  have  supplied  to  mineral  collections,  the  old  Rossie  lead 
mines  of  St.  Lawrence  County,  New  York.,  would  now  hardly  be 
remembered  beyond  their  own  neighborhood.  But,  although  of 
no  present  commercial  importance,  they  are  of  sufficient  geological 
and  historical  interest  to  merit  some  consideration. 

Beck  f  and  Emmons  %  examined  the  locality  not  long  after  the 
opening  of  the  mines,  when,  of  course,  many  data  could  be  ob- 
tained that  are  not  now  available.  The  following  notes  are 
intended  to  supplement  the  work  of  these  earlier  writers. 

Emmons,  being  more  particularly  concerned  with  the  geology 
of  the  veins,  described  their  chief  features  in  some  detail  and  gave 

*  Based  upon  field  work  done  for  the  State  Geologist  of  New  York. 
fL.  C.  Beck,  «*  Mineralogy  of  New  York,"  pp.  48-50,  and  **  First  Annual  Report 
New  York  Geological  Survey,"  pp.  54-55. 

|E.  Emmons,  <<Geology  of  New  York,"  Pt.  11.,  pp.  354-360. 
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an  interesting  figure  of  the  largest,  the  "  Coal  Hill,"  vein  as  it  ap- 
peared when  first  worked. 

The  veins,  of  which  there  are  four,  occur  in  a  fiat-topped  hill 
which  is  rather  precipitous  toward  the  east,  but  has  gentler  slopes 
on   the   other   sides.     This   hill   is   composed   of  gneiss,  which 
Emmons  described  as  ''distinctly  stratified,'*  apparently  implying 
a  rock  of  sedimentary  origin.     As  a  matter  of  fact,  two  varieties  of 
gneiss,  both  quite  massive,  are  present,  one  dark  gray  and  rather 
fine-grained,  the  other  pink  and  with  a  tendency  to  porphyritic 
texture.     In  the  immediate  vicinity  of  the  Coal  Hill  vein,  these 
two  varieties  of  gneiss  are  not  clearly  defined,  but  farther  north, 
toward   the  Victoria  vein   they  are  shown  to  be  quite  distinct* 
The  pink  gneiss  is  younger  than,  and  intrusive  in,  the  gray  gneiss 
cutting  sharply  through  it  and  holding  many  inclusions  torn  from 
it.     The  included  fragments  are  sometimes  angular,  but  more 
often  elongated  and  with  angles  rounded.      In  thin  section,  the 
pink  gneiss  is  seen  to  be  made  up  of  the  normal  constituents  of  a 
biotite  granite,  quartz,  orthoclase  with  a  little  acid  plagioclase» 
biotite  and  the  usual  accessories.     A  condition  of  strain  is  indicated 
by  much   undulatory  extinction,  but  there  is  little  granulation* 
The  rock  is  a  slightly  foliated  granite,  intermediate  between  the 
wholly  massive  granites  and  the  typical  gneisses  of  igneous  origin, 
so  widespread  in  this  region. 

The  true  character  of  the  older  gray  gneiss  is  less  certain.  The 
rock  is  rather  massive  and  quite  uniform  in  composition  and 
texture,  features  common  in  the  igneous  gneisses ;  and  with  these 
it  is  probably  to  be  classed,  although  the  possibility  of  a  sedimen. 
tary  origin  can  not  be  positively  denied.  Under  the  microscope 
it  differs  decidedly  from  the  younger  rock.  Quartz  is  less  abun- 
dant, while  plagioclase  shows  a  marked  increase,  and  at  the  same 
time  gives  larger  extinction  angles,  indicating  more  basic  species. 
Hornblende,  wholly  lacking  in  the  first  rock,  is  abundant  in  this, 
while  biotite  is  quite  subordinate.  Magnetite  is  present  in  notably 
large  quantity,  together  with  a  little  pyrite.  Thus,  the  rock  is 
more  basic  than  the  granite-gneiss,  showing  an  affinity  with  the 
diorites. 

Both  of  the  foregoing  rocks  are  cut  by  pegmatite,  which  is 
probably  closely  related  to  the  granite-gneiss,  and  certainly  long 
antedates  the  period  of  vein  formation. 

The  consolidation  and  metamorphism  of  the  gneisses  were  deep- 
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seated  phenomena,  occurring  in  the  zone  of  ilowage.  The  produc- 
tion of  the  vein  fissures  involved  very  different  conditions,  when  a 
long  period  of  erosion  had  removed  a  great  thickness  of  overlying 
rocks,  thus  bringing  the  gneisses  into  the  zone  of  fracture.  It 
does  not  follow,  however,  that  the  gneisses  may  not  have  been 
fissured  when  at  considerable  depth,  since,  for  rocks  of  this  class, 
the  zone  of  fracture  is  very  thick. 

Whether  or  no  the  fracturing  was  attended  by  any  large  vertical 
displacement  is  not  shown,  although  the  fissures  are  evidently  due 
to  faulting.  The  nature  of  the  rocks  is  such  that  faults  of  some 
magnitude  might  give  no  measure  of  the  amount  of  throw. 

The  veins  cut  across  the  foliation  of  the  gneisses,  at  a  high 
angle,  approach  parallelism  with  one  another,  and  have  a  strike  of 
about  N.  80  W.  The  Coal  Hill  vein  being  the  largest  of  the 
group,  may  be  taken  as  the  type  of  all,  and  considered  with  such 
detail  as  is  admitted  by  the  somewhat  meagre  data  procurable 
under  existing  conditions. 

The  vein  varies  from  two  to  six  feet  in  width,  is  nearly  vertical, 
and  sharply  defined.  As  is  well  known,  the  gangue  is  coarsely 
crystalline  calcite,  carrying  galena,  with  a  little  pyrite,  and  small 
amounts  of  sphalerite  and  chalcopyrite. 

The  character  of  the  minerals  of  the  vein  is  too  familiar  to  re- 
quire any  consideration  here;  it  need  only  be  remarked  that,  as 
stated  by  Emmons,  the  galena,  though  quite  bunchy  and  irregular, 
is  on  the  whole  more  abundant  towards  the  middle  of  the  vein. 

Some  parts  of  the  vein,  particularly  along  the  margins,  contain 
abundant  inclusions  of  the  wall  rock,  forming  a  breccia  cemented 
by  the  vein-stufT.  The  fragments  vary  greatly  in  size,  and  are 
sometimes  angular,  while  in  other  cases  they  are  rounded  and  have 
clearly  suffered  much  loss  by  attrition  or  solution,  or  both. 

Many  fragments  are  quite  unaltered  and  indistinguishable  from 
the  wall  rock,  while  others  appear  to  be  more  or  less  thoroughly 
changed  into  a  mass  of  alteration  products,  containing  strings  and 
scattered  grains  of  calcite  and  galena.  The  unchanged  and  the 
altered  fragments  are  intimately  associated. 

The  alteration  product  is  light  grayish-green  and  rather  fine 
grained.  On  weathered  surfaces  it  appears  to  be  quite  sharply 
differentiated  from  the  mass  of  the  unchanged  rock  on  the  one 
hand,  and  the  vein-stuff  on  the  other.  But  fresh  fractures  show  a 
more  gradual  transition  on  both  sides.     In  extreme  cases,  the  al- 
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teration  product  is  irregularly  mingled  with  the  vein  stuff,  showing^ 
no  fixed  outline.  As  the  alteration  is  confined  to  the  margins  of 
larger  fragments,  to  cracks  passing  through  them,  and  to  thor- 
oughly crushed  parts,  there  can  be  little  doubt  that  its  amount  is 
chiefly  dependent  upon  degree  of  comminution.  As  to  how  much 
chemical  change  has  actually  taken  place  in  the  rock  fragments, 
the  evidence  at  hand  is  very  unsatisfactory.  To  the  unaided  eye 
there  is  indication  of  much  alteration,  but  closer  examination, 
while  showing  alteration  beyond  doubt,  tends  toward  the  view 
that  it  has  been  very  limited  in  amount.  Under  the  microscope, 
fragments  that,  to  the  unaided  eye,  appear  thoroughly  altered, 
show  a  large  amount  of  material  which,  beyond  crushing,  shows 
no  change.  Perfectly  fresh,  angular  or  rounded  fragments  of  the 
various  minerals  lie  in  calcite  and  galena,  with  no  trace  of  corro- 
sion or  alteration ;  and  such  fragments  are  decidedly  in  the  major- 
ity. But,  on  the  other  hand,  many  grains  of  feldspar  have  been 
bleached  and  some  of  them  have  been  partly  replaced  by  calcite 
and  galena.  The  edges  of  these  feldspar  grains  are  ragged,  and 
pieces  in  perfect  optical  continuity  are  sometimes  separated  from 
each  other  by  an  intervening  strip  of  calcite  or  galena.  The  latter 
mineral  shows  a  tendency  to  develop  along  cleavages  of  the  feld- 
spar, or  it  may  appear  as  a  fine  black  powder  scattered  all  through 
the  grain. 

But,  on  the  whole,  less  actual  replacement  is  apparent  than 
would  be  inferred  from  superficial  inspection.  As  shown  below, 
there  is  reason  for  believing  that  much  of  the  finest  rock  powder 
was  replaced  and  the  microscopic  evidence  does  not  disprove  this 
view,  but  for  the  coarser  grains  a  mere  bleaching  of  the  feldspar  is 
the  prevailing  chanj^e. 

This  question  of  the  amount  of  replacement  is  of  much  interest 
in  connection  with  the  history  of  the  vein,  and  it  is  unfortunate 
that  the  direct  evidence  bearing  upon  it  is  so  meagre.  At  present, 
it  is  clear  that  the  vein-stuff  acts  as  a  cement  and  support  for  the 
fragments  of  wall-rock ;  were  the  former  removed,  the  latter  would 
drop  down  in  the  fissure.  Prior  to  the  deposition  of  the  vein-stuff, 
its  place  must  have  been  filled  by  something  else,  and  it  is  evident 
that  this  must  have  been  finely  powdered  wall-rock,  which  appar- 
ently has  since  been  replaced  by  vein-stuff. 

If  this  explanation  is  the  true  one,  the  condition  of  the  fissure 
prior  to  the  replacement  is  illustrated  by  a  fault  breccia  in  the 
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gneiss  at  Hammondville,  Essex  County,  N.  Y.,  shown  to  the  writer 
by  Prof.  J.  F.  Kemp  some  years  since.  The  country  rock  is  a  red 
gneiss  somewhat  resembling  that  at  Rossie.  Along  a  fault,  frag- 
ments of  this  rock,  of  every  shape  and  size,  are  scattered  through 
a  fine-grained  dark  green  matrix,  which  consists  of  rock  powder 
mixed  with  chlorite  and  other  alteration  products.*  Had  this  fis- 
sure become  a  channel  for  the  circulation  of  ore-bearing  solutions, 
the  condition  would  have  been  favorable  for  the  formation  of  a 
vein  closely  analogous  to  those  at  Rossie.  That  chloritic  altera- 
tion products  may  sometimes  form  an  intermediate  step  in  the 
replacement  of  crushed  rock  by  vein-stufT  is  clearly  suggested  by 
this  case,  but  thus  far  no  evidence  bearing  upon  the  question  has 
been  found  in  the  Rossie  material. 

But  while  between  the  Hammondville  brecciated  zone  and  those 
parts  of  the  Rossie  vein  that  are  filled  with  rock  fragments,  there  is 
a  striking  analogy,  it  remains  a  fact  that  other  parts  of  the  vein 
are  quite  free  from  inclusions,  consisting  of  the  vein  minerals 
alone,  with  frequent  druses  of  considerable  size,  lined  with  large 
and  perfect  crystals.  Even  were  the  evidences  of  replacement 
much  stronger  than  they  are,  it  would  be  difiicult  to  ascribe  such 
results  to  the  process,  and  there  can  hardly  be  a  doubt  that  the  fill- 
ing of  preexistent  cavities  has  been  the  chief  factor  in  vein  forma- 
tion. Cavities  were  doubtless  formed  at  many  points  along  the 
fracture,  when  elsewhere  the  interwall  spaces. were  filled  with 
breccia.  Other  cavities  may  possibly  have  resulted  from  solution 
before  vein  deposition  began.  But  something  more  is  needed  to 
account  for  the  vein  as  a  whole,  and  perhaps  the  best  explanation 
is  afforded  by  the  assumption  that  the  vein  formation  consisted  of 
at  least  four  stages. 

At  first,  the  fissure,  more  or  less  blocked  with  breccia,  was 
formed.  Next,  the  breccia  was  cemented,  perhaps  first  by  chloritic 
alteration  products  but  more  probably  directly  by  vein-stufT,  cemen- 
tation being  accompanied  by  replacement.  Then  followed  another 
movement  along  the  fault,  with  the  production  of  an  open  fissure, 
which,  in  the  fourth  and  last  stage,  was  filled  by  a  further  deposi- 
tion of  the  vein  minerals. 

Such  an  explanation  as  this  accounts  for  the  facts  at  hand  with- 
out demanding  too  much  of  replacement,  and  while,  as  stated 

*  Cf.  J.  F.  Kemp,  *<  Preliminary  Report  on  the  Geology  of  Essex  County,"  Axmual 
Report  of  the  State  Geologist,  1893,  p.  456. 
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above,  there  is  good  reason  for  believing  that  this  process  has  been 
a  factor  in  the  formation  of  a  vein,  judging  from  present  data,  it  has 
played  a  very  minor  part. 

As  to  the  source  of  the  vein  minerals,  there  is  very  meagre  evi- 
dence. The  frequent  association  of  ore  deposits  with  igneous 
rocks  holds  good  here,  and  yet  there  is  no  sufficient  reason  for 
concluding  that  the  association  in  the  present  case  is  of  a  genetic 
nature.  From  what  has  been  stated  above,  it  is  clear  that  the  vein 
was  filled  long  after  the  cessation  of  igneous  activity,  under  totally 
changed  conditions,  so  that  it  is  not  impossible  to  look  to  the 
granite  magma  as  a  source  of  hot  mineralized  solutions.  If  the 
gneisses  of  the  walls  furnished  the  vein  materials,  it  must  have  been 
by  the  action  of  ordinary  ground  waters,  having  the  normal  tem- 
perature for  the  depth  involved.  How  difficult  it  would  be  to 
prove  this  origin  for  the  vein  minerals,  it  is  needless  to  say. 

In  view  of  the  character  of  the  minerals,  both  gangue  and  ores 
their  source  is,  perhaps,  more  apt  to  be  found  in  the  crystalline 
limestones  which  are  frequent  in  the  vicinity,  and  outcrop  only  a 
few  rods  east  of  the  ridge  in  which  the  veins  occur. 

Of  the  frequent  association  of  the  metalliferous  minerals  of  the 
vein  with  limestones,  it  is  unnecessary  to  speak,  and  it  is  well 
known  that  these  minerals  are  present  and  have  been  mined  at 
several  localities  in  the  crystalline  limestone  of  this  region,  although 
the  nature  of  the  ore  deposits  has  not  been  determined. 

The  same  rock  would,  of  course,  furnish  the  calcite  gangue,  and 
thus  it  affords  a  possible  source  for  all  the  materials  of  the  vein. 
The  igneous  intrusions  of  this  region  are  frequently  in  the  form  of 
heavy  sheets,  so  that  it  is  quite  possible  that  crystalline  limestone 
lies  directly  below  the  outcrop  of  the  veins.  But  this  is,  of  course, 
not  essential  to  the  hypothesis,  since  the  movement  of  the  ground 
waters  has  a  large  horizontal  component. 

In  this  connection  interest  attaches  to  a  vein  which  was  first 
called  to  the  writer's  attention,  some  years  since,  by  his  assistant, 
Mr.  D.  H.  Newland.  About  a  mile  north  of  Redwood,  Jefferson 
County,  the  R.  W.  &  O.  railroad  makes  a  deep  cut  through  the 
Potsdam  sandstone,  affording  a  section  some  five  or  six  hundred 
feet  long.  Throughout  the  section,  the  sandstone  is  much  crushed 
but  the  strata  remain  nearly  horizontal,  and  the  faulting  doubtless 
present  is  not  sufficient  to  bring  in  any  other  horizon. 

At  one  point  in  the  section,  there  is  a  fissure,  from  four  to  six 
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feet  wide,  filled  with  calcite  carrying  galena,  pyrite  and  sphalerite. 
Several  smaller  veins  occur,  there  being,  indeed,  an  irregular 
crushed  zone  about  forty  feet  wide,  within  which  the  vein-stuff  and 
sandstone  fragments  form  a  breccia. 

Several  small  openings  on  the  main  vein  show  that  some  pros- 
pecting has  been  done,  but  when  or  by  whom  is  unknown  to  the 
writer. 

This  locality  is  only  seven  miles  from  the  Rossie  mines,  and  in 
view  of  this  proximity  and  the  similarity  of  the  veins  both  in  com- 
position and  structure,  it  is  not  improbable  that  they  belong  to  one 
period  of  vein  formation.  At  Rossie,  erosion  has  removed  the 
Potsdam  so  that  the  relation  of  the  veins  to  this  horizon  can  not  be 
determined,  but  it  has  already  been  shown  that  they  are  long  sub- 
sequent to  the  intrusion  and  metamorphism  of  the  pre-Cambrian 
gneisses,  and,  at  least,  there  is  nothing  to  indicate  a  date  earlier 
than  post- Potsdam. 

But  aside  from  affording  this  suggestion  as  to  the  possible  age 
of  the  Rossie  veins,  the  Redwood  vein  is  of  interest  in  its  bearing 
upon  the  hypothesis  of  the  derivation  of  the  vein  minerals  from 
the  crystalline  limestone.  It  is  hardly  possible  that  the  immediate 
wall  rock  of  the  Redwood  vein  should  be  the  source  of  the  vein 
minerals,  since  a  rock  less  likely  to  furnish  them  could  scarcely  be 
found.  There  is  no  apparent  reason  for  believing  that  the  min- 
erals came  primarily  from  above  and  so  it  becomes  necessary  to 
look  below  for  a  source. 

The  writer's  preliminury  geological  map  *  of  the  region  shows  a 
belt  of  crystalline  limestone  which  passes  under  the  Potsdam  sand- 
stone near  the  west  shore  of  Butterfield  lake  and  appears  again 
from  beneath  the  sandstone  just  to  the  west  of  Redwood.  If,  as 
is  almost  certain,  this  belt  is  continuous  under  the  Potsdam,  it 
must  pass  almost,  if  not  directly,  under  the  vein  in  the  railroad 
cut.  Water  circulating  through  the  limestones,  under  pressure 
and  seeking  an  exit  toward  the  surface  would  find  a  ready  channel 
through  the  crushed  zone  of  the  sandstone,  depositing  during  its 
ascent  mineral  matter  taken  up  from  the  limestones.  This  expla- 
nation of  the  formation  of  the  vein  is  sufficiently  in  harmony  with 
all  the  facts  in  the  case,  to  be  regarded  with  some  confidence,  and 
it  gives  added  strength  to  the  hypothesis  as  applied  to  the  Rossie 


*  **  Nineteenth  Annual  Report  State  Geology  of  New  York,"  facing  p.  85. 


428  THE    QUARTERLY. 

veins.  In  both  cases  it  is  probable  that  the  vein  minerals  came 
from  below,  and  in  both  cases  the  crystalline  limestone,  known  to 
be  the  carrier  of  the  vein  minerals,  is  present,  at  Redwood  prob- 
ably directly  below  the  vein,  at  Rossie  in  the  immediate  vicinity 
and  perhaps  directly  below. 

While  these  facts  suffice  to  justify  the  hypotheses  as  a  tentative 
explanation  of  the  problem  in  hand,  they  do  not,  of  course,  aflbrd 
a  final  solution.  It  is  quite  possible  that  the  vein  materials  were 
derived  from  a  source  far  below  the  limestones,  and  that  the  ore 
deposits  in  the  latter  are  contemporaneous  with  the  veins. 

In  neither  the  Rossie  nor  the  Redwood  veins  is  there  any  evi. 
dence  as  to  the  agents  of  precipitation  or  the  nature  of  the  reac* 
tions  mvolved.  Were  the  mines  in  operation,  light  would  doubt- 
less be  shed  upon  these  and  many  other  obscure  points. 

Mining  on  the  Coal  Hill  vein  was  begun  in  1836.  Early  in 
1837  a  large  force  was  employed  and  the  enterprise  was  pushed 
with  great  energy.  The  ore  raised  was,  for  the  most  part,  smelted 
in  a  furnace  about  a  mile  distant  from  the  mines.  At  about  the 
same  time  the  other  veins  were  opened,  two  companies  being  in 
the  field.  In  the  years  1837  and  1838  the  Coal  Hill  vein  produced 
1 ,625  tons  of  lead,  according  to  the  books  of  the  smelting  company. 


^  <^>y' 
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In  view  of  the  fact  that,  at  this  time,  the  country  was  practically 
a  wilderness  with  only  the  crudest  means  of  transportation,  it  is 
not  surprising  that  mining  operations  ceased  at  the  end  of  three 
years.  It  is  probable  that  the  mines  were  never  worked  at  a 
profit,  although  the  large  land  owners  interested  may  have  gained 
indirectly  by  the  operations. 

Some  idea  of  the  extent  of  mining  is  given  by  the  accompany- 
ing sketch,  drawn  Irom  a  figure  in  Hough's  "History  of  St.  Lawrence 
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and  Franklin  Counties."  The  unshaded  part  of  the  sketch  repre- 
sents excavations.  As  the  section  is  longitudinal,  it  is  evident  that 
what  U  designated  gneiss  as  in  the  original  figure,  is,  in  reality, 
the  vein.  Detritus  probably  stands  for  glacial  material.  The  same 
book  gives,  pages  455-467,  many  additional  details  in  regard  to 
the  history  of  the  enterprise. 

In  1852,  the  Great  Northern  Lead  Company  leased  the  mines, 
put  in  new  machinery  and  planned  work  on  a  large  scale.  What 
was  the  outcome  of  this  venture  the  writer  has  been  unable  to 
learn.  Apparently  success  did  not  attend  the  undertaking  for, 
according  to  Mr.  C.  A.  Parker,  of  Gouverneur,  to  whom  the  writer 
is  indebted  for  information  in  regard  to  the  matter,  the  Rossie 
mines  were  worked  during  the  Civil  War  by  the  Mineral  Point 
Lead  Mining  Company,  which  also  had  mines  at  Mineral  Point,  on 
the  south  shore  of  Black  Lake.  At  that  time  the  high  price  of 
lead  had  started  up  at  least  two  other  mines  in  the  region,  one 
near  the  village  of  Macomb  and  the  oth6r  in  the  town  of  Gouver- 
neur, near  Beaver  Creek.  How  long  these  operations  continued, 
or  what  was  the  product  has  not  been  learned.  But  it  is  probable 
that  no  mining  has  been  done  since  the  close  of  the  war. 

At  the  time  of  the  writer's  visit,  everything  at  the  mines,  with 
the  exception  of  the  white  Potsdam  sandstone  chimneys  was  in  a 
ruinous  condition,  plainly  testifying  to  many  years  of  neglect. 

Hamilton  College,  Clinton,  N.  Y. 


LABORATORY  NOTES  FOR  STUDENTS  IN  PRACTICAL 

ELECTROCHEMISTRY. 

By  S.  a.  tucker, 
Of  the  Chemical  Department,  Columbia  University. 

The  following  notes  were  the  outcome  of  a  desire  on  the  part  of 
the  Electrical  Engineering  Department  of  Columbia  University  to 
give  the  students  familiarity  in  the  practice  of  electrochemistry, 
and  particularly  in  the  use  of  the  electric  furnace.  The  limited 
time  at  the  disposal  of  the  students  made  it  necessary  to  select 
from  a  large  number  of  experiments  which  are  given  in  the  regular 
course  offered  by  the  Chemical  Department  such  as  would  embody 
the  general  principles  which  underlie  the  more  important  proc- 
esses in  operation  on  a  large  scale. 
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Of  these  experiments  only  two  have  been  included  in  electrolysis 
from  aqueous  solution  —  the  deposition  of  copper  from  impure 
copper  liquors  and  the  electrolysis  of  saline  solutions,  and  these 
have  been  taken  entire  from  the  admirable  text-books  of  Oettel  * 
as  nothing  could  be  found  which  would  give  a  better  understand- 
ing of  the  electrolytic  copper  and  alkaline  industries. 

The  other  experiments  are  such  as  have  been  in  use  in  the 
regular  course  for  some  years  past. 

Working  of  a  Copper  Liquor  Containing  Arsenic! 

The  liquor  to  be  worked  contains  40  grams  of  copper  as  sul- 
phate, and  10  grams  of  arsenic  per  liter. 
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The  problem  is  to  deposit  the  copper  without  the  arsenic.  Two 
considerations  are  to  be  observed,  current  density  and  agitation. 
When  the  current  density  is  high,  very  little  time  is  allowed  for 
selection  from  among  the  various  bodies  in  solution.  Hence 
working  at  a  low  current  density  there  is  more  chance  for  the 
copper  to  be  deposited  in  a  pure  form. 

The  liquid  at  the  kathode  from  which  the  copper  has  been 
deposited  becomes  lighter  and  therefore  rises  to  the  top,  and  will 
necessarily  contain  more  of  the  arsenic  in  proportion  to  the  cop- 
per. Agitation  will  prevent  this,  and  will  tend  to  give  copper  in 
a  purer  form  in  the  deposit. 

Execution  of  Experiments.  — Two  rectangular  glass  jars,  one  con- 
taining two  lead  plates  and  one  thin  copper  plate  lo  by  lO  cm.,  to 
be  used  for  the  copper  depositing ;  the  other  to  be  used  as  a  cop- 
per voltameter.  A  horizontal  stirring  attachment  is  used  on  the 
copper  depositing  cell.  This  should  be  so  arranged  that  two  glass 
rods  are  made  to  move  between  the  plates  30  times  per  minute. 


*  Oettel,  "  Exercises  in  Electrochemistry,  Electrochemical  Experiments,"  translated 
by  Edgar  F.  Smith,  P.  Blakeston  Son  &  Co.,  Philadelphia. 
I  Oettel,  "Electrochemical  Experiments,"  p.  Ii8. 
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A  current  density  for  the  first  experiment  will  be  about  75 
amps,  per  sq.  m.,  and  the  experiment  carried  on  until  the  arsenic 
begins  to  show  in  the  copper  deposit.  This  may  take  10  hours. 
The  voltage  is  taken  during  the  operation,  and  then  the  same 
experiment  is  to  be  repeated  using  a  current  density  of  36  and  i& 
amps,  per  sq.  m.,  in  each  case.  The  copper  deposited  in  the  cop- 
per voltameter  is  to  be  weighed  in  each  case. 

From  the  data  so  obtained  the  calculation  of  a  plant  for  actual 
working  such  a  liquor  may  be  made. 

Electrolysis  of  Salt  Solution  With  the  Use  of  a 

Diaphragm.* 

7/ie  Apparatus.  —  This  consists  of  a  beaker  of  about  700  c.c.  ca- 
pacity in  the  middle  of  which  stands  a  porous  cup.  This  cup  is 
fitted  with  a  tight  rubber  stopper  through  which  passes  two  glass 
tubes.  One  of  these  tubes  is  used  to  conduct  the  chlorine,  oxygen^ 
etc.,  to  the  apparatus  for  its  analysis.  The  other  has  a  platinum 
electrode  sealed  into  it.  The  portion  of  the  porous  cup  standing 
outside  the  liquid  is  paraffined  to  prevent  the  escape  of  the  gas. 
The  kathode  is  of  the  sheet  iron  bent  so  as  to  enclose  the  porous  cup. 

The  Expaimeni.  —  The  solution  used  is  20  per  cent.  NaCl.  This 
is  filled  into  the  inner  and  outer  compartments.  The  outer,  that  is 
the  beaker,  is  roughly  calibrated  as  to  its  holding  contents. 

A  current  of  from  3  to  5  amperes  is  used  and  an  analysis  is  to 
be  made  every  hour  of  the  escaping  gas  and  the  kathode  liquid. 
The  gas  is  to  be  analyzed  as  follows :  About  50  c.c.  of  the  gas  are 
taken  into  a  Hempel's  measuring  burette,  and  then  the  absorptions 
made  with  potassium  hydrate  for  the  chlorine  and  with  the  phos- 
phorus pipette  for  oxygen,  the  small  residue  of  gas  remaining  is 
nitrogen.  In  the  calculation,  this  residue,  together  with  one  fourth 
its  volume  of  oxygen  is  recorded  as  air. 

Ten  cubic  centimeters  of  the  kathode  liquid  is  removed  and  its 
alkalinity  determined  with  standard  acid.  The  neutralized  portion 
is  diluted  to  200  c.c,  and  20  c.c.  is  then  titrated  with  silver  nitrate 
for  the  chlorine. 

The  quantity  of  titrating  liquid  (H,SO^  and  AgNO,)  for  each 
successive  cubic  centimeter  of  the  electrolyte  taken  constantly  in- 
creases in  consequence  of  the  transference  of  sodium  to  the  outer 
solution.  The  quantity  of  NaOH  may  be  calculated  from  the  ob- 
served alkalinity  and  the  volume  of  the  kathode  liquid. 


♦Oettel,  **  Practical  Exercises  in  Electrochemistry,"  p.  52. 


432  THE   QUARTERLY. 

The  current  yield  of  NaOH  diminishes  with  the  rising  alkalinity 
of  the  liquid,  and  the  liberated  chlorine  at  the  same  time  becomes 
proportionally  rich  in  oxygen.  The  changes  in  the  yield  are  de- 
termined separately  for  each  successive  hour. 

In  Order  to  Get  at  the  Current  Efficiency,  —  The  current  may  be 
held  constant  during  each  period,  or  a  copper  voltameter  is  put  in 
the  circuit,  which  is  probably  the  better  way. 

Note  the  pressure  with  every  variation  in  current  density,  de- 
termine directly  from  the  decomposition  pressure  Z,  and  calculate 
from  this,  from  the  fall  of  potential  Vm  the  bath,  and  from  the 
current  strength  ^  the  resistance  w  of  the  bath,  by  the  formula 

f^=  Z-h  i'lv. 

Also  calculate,  from  the  results  of  the  experiment  the.  production 
of  NaOH  from  the  end  liquids,  with  varying  alkalinity  per  horse 
power  hour. 

Electrolysis  of  Fused  Lead  Chloride. 

See  McMillan- Borchers,  "Electric  Smelting  and  Refining,"  p. 
331.     Oettel,  "  Practical  Electrochemistry,"  p.  74. 

This  experiment  may  easily  be  carried  out  on  a  small  scale,  and 
with  the  data  so  obtained  a  plan  can  be  projected  for  working  on 
a  large  scale. 

A  sheet-iron  crucible  about  2^  inches  at  the  top  constitutes  the 
kathode  and  at  the  same  time  serves  as  a  container  for  the  elec- 
trolyte. 

The  lead  chloride  is  fused  down  in  the  crucible  over  the  lamp, 
when  it  is  in  a  quiet  state  of  fusion,  a  carbon  rod  attached  to  the 
positive  pole  is  lowered  into  the  bath. 

Using  5  to  10  amperes  for  an  hour  will  give  a  fair  size  button  of 
lead.  The  button  is  to  be  weighed,  and  the  efficiency  of  the  ex- 
periment determined  from  this  weight  and  the  readings  of  the 
amperemeter  and  voltmeter  during  the  experiment. 

From  these  data  calculate  the  power  and  number  of  baths  required 
for  the  daily  production  of  1 ,000  kg.  of  lead,  assuming  that  500  am- 
peres are  to  be  conducted  into  each  bath. 

Preparation  of  Calcium  Carbide. 

See  Moissan,  **  Le  Four  Electrique,"  p.  290.  Lewes,  "  Acety- 
lene." Tucker- Moody,  "Improved  Electric  Furnace  for  Labo- 
ratory Use,"/<:?«r.  Am.  Chem.  Soc,,\o\,  XXIll ,  July,  I90l,p.  473. 
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This  is  first  made  in  the  vertical  type  of  electric  furnace,  which 
is  practically  the  same  as  that  at  first  used  by  Willson  in  the 
manufacture  of  carbide.  It  consists  of  a  carbon  crucible  about  5 
inches  diameter  at  the  top  and  7  inches  high,  a  hole  being  bored 
through  the  side  to  admit  one  electrode,  while  the  other  is  sus- 
pended vertically. 


The  advantage  of  such  a  furnace  on  a  small  scale  is  that  it  enables 
one  to  see  what  is  going  on  and  that  the  arc  may  be  brought  to 
bear  on  any  particular  part  of  the  charge  at  will,  much  as  a  blow- 
pipe is  used.     The  chief  drawback  is  in  the  loss  of  heat  by  radia- 


J{ori7^07vial  T^urTtAce  for  Car&tdG, 

tion.  The  charge  is  composed  of  56  parts  of  lime  oxide  (CaO) 
and  36  parts  of  powdered  coke.  A  charge  of  200-300  grams  is 
sufficient  and  should  be  acted  upon  at  150  amperes,  50-60  volts 
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for  about  6  minutes.  This  results  in  a  fair  yield  of  carbide,  which 
should  have  a  fine  bronzy  crystalline  appearance.  Next  make  the 
same  in  the  horizontal  type  of  furnace. 

This  furnace  is  of  the  Moissan  type  but  differs  from  it  in  being 
made  entirely  of  carbon.  It  is  built  of  carbon  bricks  allowing  a  rec- 
tangular space  of  3  X  2^  inches  by  4  inches  deep.  The  electrodes 
of  Acheson  graphite,  i  J^  inch  diameter,  are  passed  through  holes 
at  each  end  and  must  be  carefully  insulated  from  the  furnace  by 
asbestos  bushings.  The  whole  furnace  is  clamped  together  and 
preferably  covered  with  asbestos  board. 

Aluminium  Bronze  (Cowles  Process). 

See  Richards,  •'  Aluminium,"  p.  329.  etc. 

The  reduction  of  alumina  ( A1,0,)  by  carbon  alone  seems  an  im- 
possibility, but  when  some  other  metal  is  present,  such  as  copper, 
iron,  etc.,  the  reduction  may  be  effected  in  the  electric  furnace, 
the  aluminium  then  alloying  with  the  particular  metal  present. 
The  furnace  used  is  of  the  type  as  used  by  Cowles,  and  is  com- 
posed of  fire  brick,  the  electrodes  being  inclined. 

The  charge  being  introduced  the  whole  is  covered  as  much  as 
possible  with  fire  brick  for  heat  insulation.  The  charge  is  made 
up  of  25  parts  of  alumina,  12  parts  of  powdered  coke,  and  50  parts 
of  granulated  copper  ;  the  whole  thoroughly  mixed  and  being  made 
up  to  300-400  grams.  This  is  acted  upon  at  250-300  amperes, 
50-60  volts  for  12-15  minutes.  The  product  is  a  bronze  which 
should  be  remelted  and  cast  so  that  its  physical  properties  may  be 
studied. 


T^ivrncLce.  for  ^liiTntzTUTTt  SroTt^xc^ 

Carborundum,  Carbide  of  Silicon. 
See   C.  A.  Koln,  Jour.   Soc,   C/um.   Industry ^    1897,  p.  863; 
Moissan,  **  Le  Four  Electrique,"  p.  351. 
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This  compound,  which  has  the  formula  SiC,  was  discovered  by 
E.  G.  Acheson  in  1891  and  was  put  on  a  commercial  basis  by  him 
at  Niagara  Falls. 

The  furnace  used  is  of  the  horizontal  resistance  type,  and  is  built 
up  in  such  a  way  that  between  the  electrodes  a  partial  conductor 
is  placed.     Thus  in  Fig.  i,  V  represents  the  core  which  on  a  large 


T^irmuce  for  Cd.rdorundii7rz , 

scale  is  composed  of  granular  carbon  or  coal,  B  is  the  charge 
proper,  while  A  is  the  furnace  wall  consisting  of  brick. 
1  he  charge  is  composed  of : 

Q>ke 34.2  parts  by  weight. 

Sand        54.2     **  " 

Sawdust .    9.9     **  ** 

Salt 1.7     «*  «* 

and  is  thoroughly  mixed. 

The  furnaces  for  working  upon  a  large  scale  are  built  for  15  tons 
of  the  charge,  the  core  forming  about  3  per  cent,  of  this. 

The  pressure  is  at  first  high,  being  190  volts  as  the  resistance 
of  the  cold  carbon  is  considerable,  but  in  a  short  time  falls  to  125, 
at  which  it  remains  constant  to  the  end  of  the  run.  The  amperage 
is  6,000  and  it  takes  36  hours  for  working  such  a  charge. 

In  taking  down  the  furnace  the  outside  layer  is  composed  of 
amorphous  silicon  carbide,  of  which  there  is  about  40  per  cent. 

Its  amorphous  nature  is  due  to  the  lower  temperature  prevail- 
ing as  the  distances  from  the  core  increases,  and  if  the  run  is  kept 
up  for  shorter  periods  may  constitute  the  sole  product. 

Below  this  is  a  well-defined  crust  of  crystalline  carbide,  which 
consists  in  fine  iridescent  crystals,  some  of  which  are  a  half  inch  in 
diameter.  The  color  of  these  crystals  is  due  to  impurities  such  as 
iron,  for  Moissan  has  prepared  pure  silicon  carbide  which  is  color- 
less. 
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Beneath  the  crystals  graphite  is  found  and  this  was  the  origin 
of  the  artificial  graphite  which  is  now  coming  so  largely  into  use 
for  electrochemical  purposes. 

In  working  the  process  on  a  small  scale,  the  above  proportions 
for  the  charge  are  taken,  the  whole  being  made  up  to  800^1, ooa 
grams. 

The  electrodes  in  Fig.  2  are  2  inches  in  diameter  and  are  con- 
nected together  by  a  thin  stick  of  carbon  in  order  to  avoid  difficulty 


in  starting.  This  will  burn  out  after  a  short  time,  and  then  the 
core  will  act  as  the  resisting  medium.  The  walls  of  the  furnace 
are  of  fire  brick,  the  bottom  and  sides  being  filled  with  the  charge. 

Surrounding  the  thin  rod  is  placed  about  ^  mch  diameter  of 
coarse  crushed  carbon  or  coke,  the  rest  of  the  charge  being  filled 
in  all  around  and  packed  to  some  extent.  The  top  is  covered  as 
much  as  possible  with  fire  brick  to  retain  the  heat. 

The  current  used  will  be  350  amperes  at  60  to  70  volts  and 
must  be  kept  up  for  an  hour  or  one  hour  and  a  half. 

Such  a  method  of  working  will  naturally  not  give  as  fine  a 
product  as  is  to  be  obtained  on  a  large  scale,  but  the  different 
layers  are  to  be  looked  for,  and  the  crystalline  nature  of  the  carbide 
well  shown  although  the  crystals  will  be  small. 

The  uses  of  carborundum  are  chiefly  for  abrasive  purposes,  and 
it  is  now  made  in  all  forms  adapted  to  grinding  machinery. 

The  lower  grades  of  carbide  have  found  considerable  application 
as  heat-resisting  material  for  which  purpose  it  has  a  high  value. 

Preparation  of  Aluminium  (Hall's  Process). 

See  Richards,  '*  Aluminium,"  p.  372.  McMillan-Borchers, 
**  Electric  Smelting  and  Refining,"  p.  142. 
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This  is  an  electrolytic  process  in  which  the  electrolyte  consists 
of  a  fused  bath  of  aluminium  and  sodium  fluorides.  According  to 
Hairs  patent  the  bath  should  contain : 

Sodium  fluoride 33.2  per  cent. 

Aluminium  fluoride 66.8        ** 

But  these  exact  proportions  do  not  seem  to  be  essential. 

The  mineral  cryolite,  which  is  a  double  fluoride  of  aluminium 
and  sodium,  furnishes  a  source  of  these  fluorides  in  the  natural 
state,  and  is  well  adapted  to  the  purpose.     It  is  composed  of: 

Aluminium  fluoride 40. 25  per  cent. 

Sodium  fluoride 59-75         " 

This  mineral  in  a  fused  condition  dissolves  alumina  (A1,0,)  to 
the  extent  of  about  25  per  cent.,  which  important  fact  appears  to 
have  been  discovered  by  Hall  in  this  country  and  Herolt  in  France 
about  the  same  time. 

Hall  was  the  first  however  to  adapt  it  to  the  commercial  pro- 
duction of  pure  aluminium,  and  the  United  States  patent  was  ac- 
cordingly granted  to  him.  As  operated  on  a  large  scale  the 
kathode  is  a  rectangular  tank  of  wrought  iron  lined  with  carbon, 
about  6  feet  long,  3  feet  wide  and  2^  feet  high.  The  anodes  are 
of  round  carbon  rods  of  which  there  are  several,  with  a  suitable 
device  for  adjusting  their  depth  in  the  bath. 

The  electrolyte  is  fused  down  by  the  arc  and  the  alumina  is 
gradually  added,  no  external  heat  being  necessary.  As  the 
alumina  is  decomposed  by  the  current  the  resistance  of  the  bath 
rises,  and  hence  gives  a  good  indication  as  to  when  the  addition  of 
more  alumina  is  to  be  made.  The  aluminium  collects  at  the  bot- 
tom in  a  suitably  formed  cavity  and  from  this  is  ladled  out,  the 
furnaces  being  kept  in  continual  operation. 

The  ends  of  the  anodes  are  kept  from  a  half  inch  to  an  inch  from 
the  surface  of  the  kathode.  The  consumption  of  the  carbon 
amounts  to  less  than  a  pound  per  pound  of  aluminium  produced. 
Oxidation  of  the  carbon  takes  place  according  to  the  reaction 

AiA  +  3C  =  2AI  +  3CO. 

In  regard  to  the  efflciency  of  the  process,  Richardson's  calcula- 
tion based  upon  two  vats  taking  i  ,800  amperes  is  of  interest.  The 
theoretical  yield  is  56.4  pounds  of  aluminium  per  day.  The  actual 
yield  was  50  pounds,  this  gave  an  efficiency  of  nearly  90  per  cent. 
But  30  per  cent,  of  the  current  is  used  in  decomposing  the  alumina, 
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inasmuch  as  of  the  9  volts  taken  by  the  bath  but  2.5  volts  are 
used  in  this  decomposition.  The  actual  efficiency  is  therefore  90 
per  cent,  of  30  which  is  27  per  cent.  The  rest  appears  as  heat 
in  the  bath. 

To  follow  this  process  on  a  small  scale,  a  carbon  crucible  turned 
i'rom  Acheson  graphite  is  used  for  the  kathode,  and  is  made  large 


•enough  to  hold  a  kilo  of  cryolite.  This  is  covered  on  the  outside 
with  asbestos  for  heat  insulation,  and  is  provided  with  a  tap  hole 
at  the  side  which  connects  with  the  cavity  at  the  bottom. 

The  cryolite  must  be  selected  as  it  always  contains  specks  of 
•carbonate  of  iron  or  sulphide  of  lead.  This  is  then  fused  down 
withthe  arc  from  a  vertical  carbon  which  is  the  anode,  and  when 
in  a  quiet  state  of  fusion  purified  alumina  is  added  to  the  extent  of 
1 5  to  20  per  cent. 

The  electrolysis  is  conducted  for  an  hour  to  one  hour  and  a  half, 
the  vertical  carbon  being  carefully  adjusted  so  as  to  regulate  the 
voltage  from  9  to  10  volts.  The  current  used  may  be  from  150  to 
2<X)  amperes.  A  portion  of  the  charge  is  then  tapped  off  into  a 
«mall  iron  pot  by  removing  a  carbon  plug  in  the  crucible.  This  is 
kept  separated  from  the  main  portion  of  the  charge  which  is 
allowed  to  run  into  a  larger  iron  vessel,  so  that  the  aluminium  may 
be  retained  by  a  smaller  part  of  the  charge  and  thus  be  easily 
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separated  after  it  has  solidified.  Working  in  this  way  from  a  new 
bath  the  aluminium  will  not  be  pure,  but  it  should  be  carefully 
separated,  weighed  and  its  properties  studied ;  and  the  efficiency 
of  the  process  calculated  from  the  noted  current,  pressure  and  time. 

Preparation  of  Metallic  Chromium. 

See  Moissan,  "  Le   Four  Electrique,"   p.  206.     McMillan- Bor- 
chers,  "  Electric  Smelting  and  Refining,"  p.  306. 

This  is  best  carried  out  in  the  horizontal  carbon  furnace,  using  a 


T^irnAce,  fi?r  CAromiitTtv. 

small  graphite  crucible,  which  is  filled  with  the  charge  and  placed 
directly  under  the  arc. 

The  charge  is  composed  of : 

Chromium  trioxide,  Cr,Os -. 152  parts. 

Carbon  (powdered  coke) 32     " 

The  contents  of  the  crucible  is  then  heated  for  about  ten  minutes 
at  300  amperes  at  60  volts. 

The  resulting  chromium  will  not  be  pure  as  it  contains  some 
carbon  together  with  parts  of  the  charge  which  may  have  escaped 
the  action.  The  best  pieces  are  again  fused  with  the  addition  of  a 
very  little  chromium  trioxide  in  a  graphite  crucible  which  has  been 
lined  to  some  extent  with  the  same  oxide. 

In  this  way  a  product  should  be  obtained  of  much  greater  purity. 

Note.  —  Chromium  trioxide  as  it  is  sold  generally  contains  some 
sulphur.  It  is  therefore  necessary  to  ignite  it  strongly  upon  an  iron 
plate  in  the  gas  flame  before  making  up  the  charge. 

VOL.    XXIV  —  30. 
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ON    THE  USE  OF    INFLUENCE    LINES    IN   GRAPHIC 

STATICS.     PART   III. 

By  MYRON   S.  FALK. 

Art.  13.     Influence  Line  for  Moments. 

A  line  which  indicates  the  variation  of  moment  at  any  point  in 
a  beam  under  a  single  moving  load,  is  a  moment  influence  line- 
Let  AB  (Fig.  1 1)  represent  a  beam  of  length  /and  let  C  be  the 


Fig.  II. 

section  which  divides  the  beam  into  the  two  portions  P  and  /"  and 
about  which  moments  are  to  be  found.  If  a  load  P  be  on  the  sec- 
tion /''  (at  the  point  C,  distant  x'  from  B  for  instance),  the  moment 
M^  about  C  equals  the  product  of  the  left  reaction  by  the  length 
AC\  that  is : 


Ar  = 


./' 


Eq.  (I) 


But  if,  as  will  be  assumed  for  the  present,  the  load  is  a  unit  load 
Eq.  (i)  takes  the  form 
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x' 


Af' =  _./'...  Eq.  (2) 

Eq.  (2)  is  the  equation  of  a  straight  line  and  may  be  represented 
graphically  as  follows :  Erect  on  the  base  line  AB  st  A  a.  vertical 
line  AE  equal  in  length  to  l\  and  connect  E  with  B,  the  opposite 
end  of  the  span.     From  similar  triangles  G//:  P  ::  x\  I ;  that  is: 

Therefore  any  ordinate  between  CB  and  DB  represents  the  bend- 
ing moment  at  C  when  the  load  is  placed  directly  over  such 
ordinate.  Similarly,  for  a  unit  load  on  C  between  A  and  C 
measuring  x  from  A  the  moment  equals 

M"  =  ^.  Eq.  (3) 

and  the  line  AD^  representing  Eq.  3,  graphically,  is  drawn  by  con- 
necting i^the  end  of  a  vertical  of  P'  erected  at  -5,  with  A.  The 
line  ADB  is  thus  an  influence  line  for  moments ;  from  the  con- 
struction it  is  evident  that  the  corner  D  must  lie  vertically  below 
the  center  of  moments. 

The  area  of  the  triangle  ABD  represents  the  value  of  the  mo- 
ment M  2X.  C  for  a  uniform  unit  load  over  the  entire  bridge ;  its 

value  is 

iJ/=  \AB'  CD  Eq.  (4) 

But  CD  \AE\\BC\  AB,  therefore 

ABBC     PP' 


CD^ 


AB  I 


Substituting  this  value  in  Eq.  (4),  M^  \  PP\  and  obtains  its  maxi- 
mum value  when 

/'=/"  =  ' 
2 

in  which  case  the  moment  becomes  equal  to 

M^-  - 
8 


442  THE   QUARTERLY. 

and  therefore  for  a  uniform  load  of  intensity/  over  the  entire  bridge, 

8 

Art.  14.  Criterion  for  Maximum  Moment  at  any  Section 

OF  A  Beam. 

By  means  of  the  influence  line  of  the  preceding  article,  the  cri- 
terion for  finding  the  position  of  a  series  of  concentrated  loads 
which  will  cause  the  maximum  moment  at  any  section  of  a  beam, 
may  be  deduced.  Let  P^  represent  any  load  on  /"  or  the  section 
BC  (Fig.  1 1)  and  mf  the  value  of  the  influence  ordinate  corre- 
sponding to  this  load ;  let  P  represent  any  load  on  i'  and  m  the 
corresponding  influence  ordinate ;  let  x'  be  the  distance  of  P'  from 
B,  and  x  the  distance  of  P  from  A ;  and  let  M  represent  the  value 
of  the  moment  at  Cfor  any  position  of  the  wheel  loads.  Then,  if 
the  sign  S  indicates  the  summation  of  terms  of  the  same  kind : 

M=  I{Pm)  +  I{Pm^)  Eq.  (i) 

The  values  of  m  and  ;«'  may  always  be  expressed  as  follows: 


m 

CDAJ 
'^     AC     ~ 

CDx 

'     I' 

m' 

CDBG 

~      BC 

CDx* 

-     i„ 

M 

'—  rn\  yA 

f^n  . 

Eq.  (2) 


If  the  loads  advance  a  distance  J;r  to  the  left,  the  value  of  M  be- 
comes 

M^  .M.  CD  {  .•  [5£_- A)]  ^  ,.  I'^Jf)]]    E,.  (3) 
The  change  in  the  value  of  M  is  therefore 
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For  a  maximum  or  minimum  JM=  o,  hence : 


Eq.  (5) 


If  /*  represents  IP+  SP,  then  Eq.  (5)  may  take  the  form  : 

IP       I' 


P    ~   I 


in  which  form  it  has  already  been  used  in  Article  5. 


Eq.  (6) 


Art.  15.  Moment  Influence  Lines  for  Trusses. 

The  moment  influence  line  described  in  Article  13  can  also  be 
used  for  finding  the  variation  of  the  moments  in  those  kinds  of 
trusses  in  which  the  center  of  moments  is  taken  either  at  the  panel 
points  of  the  loaded  chord,  or  in  vertical  lines  through  these  points. 
The  criterion  of  Art.  14  is  then  also  directly  applicable.  But  if  the 
center  of  moments  lies  on  a  vertical  which  intersects  the  loaded 
chord  line  within  the  limits  of  a  panel,  the  moment  influence  line 
already  drawn  must  be  subjected  to  a  modification  which  is  due 
to  the  redistribution  of  the  loads  within  the  panel  to  the  panel 
ends. 

In  the  case  shown  in  Fig.  12,  in  finding  the  stress  in  the  chord 
member  BD  in  which  case  the  center  of  moments  C  falls  within  the 
panel  BD^  the  influence  line  drawn  without  reference  to  the  exis- 
tence of  the  panel,  is  only  correct  in  the  present  case,  for  the  por- 
tions of  the  truss  AB  and  DE\  since  in  finding  the  moment  at  C 
the  loads  on  these  portions  of  the  truss  are  n6t  redistributed.  It 
has  been  shown  (Article  8)  that  all  influence  lines  for  single  loads 
between  panel  points  are  straight  lines ;  therefore  that  portion  of 
the  influence-line  which  lies  within  the  panel  is  then  constructed 
by  connecting /and  E,  the  points  of  intersection  of  the  influence- 
line  already  drawn,  with  the  verticals  erected  at  the  panel  ends. 
The  influence  line  is  then  EFJA. 

In  order  to  find  the  position  of  a  series  of  concentrated  loads 
causing  the  maximum  moment  at  the  section  C,  it  will  manifestly 
be  incorrect  to  use  the  criterion  discussed  in  Article  14.  A  criterion 
for  similar  use  is  however  easily  deduced. 
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Art.  i6.  Criterion  for  Maximum   Moment  at  any  Section 

OF  a  Truss. 

The  following  notation  (Fig.  12)  will  be  employed : — 


Kr 


Sl 


Fig.  12. 


I'  and  /"  =  the  distances  from  the  left  and  right  abutments  to 
the  center  of  moments  respectively  ; 

/  =  the  length  of  span ; 

/  =  the  length  of  the  panel ; 

q  =  the  distance  from  the  center  of  moments  to  the  left  end  of 
the  panel ; 

P  and  P'  =  any  loads  on  the  sections  AB  and  DE  respectively  ; 

P'^  =  any  load  within  the  panel  BD\ 

X,  x^  and  ;r''  =  the  respective  distances  of  /*,  P*  and  P"  from 
the  right  ends  of  the  various  sections : 

;//,  q  and  n  =  the  respective  influence  ordinates  for  P,  P^  and 

Then,  as  before,  the  moment  M,  for  any  position  of  the  loads, 
becomes 
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M^S{Pm)+  l\P'''n)  +  l\P''m')  Eq.  (i) 

If  the  ordinate  n  is  divided  into  two  parts  ;/  ^  and  n  "  by  the  h'ne 
BF^  then  the  moment  M^  for  any  position  of  the  loads,  using  a 
notation  similar  to  that  before,  becomes 

J/=  I{P-  m)  +  1\P'  ''n')  +  I{P' ''«")  +  }:{P' ';«')    Eq.  (2) 

Eq.  (i)  may  take  the  following  form,  by  substituting  for  the  in- 
fluence ordinates,  equivalent  values  found  from  the  similar  triangles 
of  Fig.  1 2  : 

Eq.  (3) 
BT'X^^-x  r       DF  xf 


+4^'-^z,'-]+4'-^/l 


If  the  loads  advance  a  distance  Ax  to  the  right,  the  change  in 
the  values  of  the  moment  become  AM  and  is  equal  to  : 

For  a  maximum  or  minimum  JM=o\  noting  that 

44']  -  4-p]  -  4-n  •  . 

there  is  found: 

I'P  -y^{P+P'+  P'{^  ]  +  V  [/>' n  =  o  Eq.  (4) 
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If  2" W^ represent  all  the  loading  on  the  span,  then   Eq.  (3)  will 
take  the  form : 

.  •.  IP+-^P''-=^j^W  Eq.  (5) 

This  criterion  is  used  in  the  same  manner  as  the  criterion  de- 
duced for  finding  maximum  moments  in  a  simple  beam  ;  it  diflers 
from  it  in  this  respect,  that  the  left-hand  member  of  the  equation 
does  not  include  the  sum  of  all  the  weights  situated  to  the  left  of  the 
center  of  moments,  but  only  a  definite  portion ;  it  will  usually  be 
found  that  the  conditions  of  the  equation  are  fulfilled  by  placing  a 
wheel  load  at  the  left  end  of  the  panel. 

Art.  17.     Variation  of  Moment  Within  a  Panel  for  a  Fixed 

Position  of  the  Loading. 

Before  proceeding  with  an  example  showing  the  application  of 
the  criterion  just  deduced,  it  will  be  advisable  to  show  that,  if  a 
series  of  concentrated  loads  is  fixed  in  position  on  a  truss,  the 
variation  of  the  bending  moment  between  panel  points  may  always 
be  represented  by  a  straight  line.  Let  it  be  required  to  find  the 
variation  of  bending  moment  in  the  panel  /  of  the  truss  shown 
in  Fig.  13,  the  position  of  the  wheel  loads  being  fixed.     Let  R  be 


Fig.  13. 

the  reaction  at  the  left  end  of  the  truss  for  all  the  loads  shown  on 
the  truss,  "and  R^  the  reaction  at  the  left  end  of  the  panel  CD,  for 
the  loads  within  the  panel ;  the  other  notation  to  be  employed  is 
shown  in  the  figure.     Then 

R  ^  P^{a  +  b  +  c  "  -n)  +  P^{b  +  c  +  d '  • '  n) 1-  P^ • ;/  • « . 

R^  =  7^3  (r  -f  ;/')  +  P^  (;?')  ■  •  •,  «'  being  the  distance  between  P^ 
and  the  left  end  of  the  panel. 

If  M  represents  the  moment  at  any  point  in  the  panel  p  dis- 
tant X  from  A : 
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Af=Rx^P^{x--7n)--P^{x-'a^?n) /?,(;»:-/')     Eq.  (l) 

Eq.  (i)  shows  that  between  panel  points  J/ varies  directly  as  the 
first  power  of  x  and  that  the  variation  may  consequently  be  repre- 
sented by  a  straight  line.  Therefore,  to  find  the  moment  at  any 
section  within  a  panel,  for  a  fixed  position  of  the  loading,  it  suffices 
to  know  the  moments  at  the  panel  ends;  by  connecting  the  ends 
of  the  ordinates  representing  these  end-moments  by  a  straight 
line,  any  intermediate  moment  is  easily  obtained.  This  method 
is  easily  adapted  for  use  with  a  funicular  polygon,  since  the  latter 
is  a  moment  polygon  for  parallel  loads. 

Art.   1 8.    Problem  in  Finding  Maximum   Stress   in    Loaded 
Chord  Member  of  a  Truss  with  Web  Members 

ALL  Inclined. 

An  application  in  the  use  of  the  principles  of  the  preceding 
articles  will  be  made  in  finding  the  maximum  stress  in  the  loaded 
chord  member  3-4  of  the  6-panel  deck  truss  shown  in  Fig.  14. 
The  following  data  are  required  : 

Panel  lengths,  all  equal,  29  feet. 

Length  of  truss,  174  feet. 

Depth  of  truss  at  panel  point  a,    19  feet. 
Depth  of  truss  at  panel  point  d,    24  feet. 
Depth  of  truss  at  panel  point  c,    25  feet. 
Locomotive  loading :  £'40.     Cooper's  Specifications. 


The  reaction  influence  line  LMNPQ"  and  the  stepped  diagram 
LABCDE"  are  drawn  in  the  usual  manner;  the  truss  itself  is' re- 
drawn on  a  separate  strip  of  paper,  but  in  the  reverse  position  to 
that  of  the  upper  diagram ;  the  reason  for  this  has  already  been 
explained  (Art.  5)  ;  it  is  shown  in  dotted  lines  in  the  lower  part 
of  Fig.  14.  This  strip  of  paper  must  then  be  placed  in  such  a 
position  that  the  criterion  of  Art.  16, 

/  / 

may  hold  with  respect  to  the  member  3-4. 
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In  this  case. 


q  is  the  distance  j  to  c'. 


If 
« 


3  to  4. 
I  to  ^. 
/  to  7. 


Wheel  8  will  rest  at  panel  point  3  if  the  truss  be  placed  in  the 
position  shown  in  the  lower  part  of  the  figure.    Verticals  erected 


Fig.  14. 

at  the  ends  of  the  truss  and  at  the  panel  points,  3  and  4,  will  inter- 
sect the  stepped  diagram  at  the  points  F,  E,  A  and  C  respectively. 
2:[r  is  then  represented  graphically  by  £E'  and  J/^  either  by 
A' A  or  A^B,  since  wheel  8  may  be  taken  to  act  either  to  the  right 
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or  left  of  the  panel  point;  for  a  similar  reason,  27^"  maybe  rep- 
resented at  corresponding  times  either  by  A^'C  or  B'C.  From 
similar  triangles, 

GG'  \EB  v.LQ  \LE  ; 
that  is 

GQ  ^'''-IW ' 

According  to  the  conditions  of  the  criterion,  GG'  must  equal  either 

A'A  +  iA'^C 
P 
or 

A'B-^i'C,B 
P 

From  similar  triangles  it  is  seen  that 

^  .4"  C  equals  A'^'G'*'  and  that  ^-i5'C  equals  5" 6'". 
P  P 

Therefore,  by  substituting  these  values  in  the  criterion,  the  value 
of  G'G  should  equal  either  G'G"^  or  G  'G  ".  In  the  present  case 
G'G  lies  between  these  two  values ;  it  is  evident  that  if  wheel  8 
be  divided  into  proper  parts  at  the  panel  point,  the  conditions 
of  the  criterion  will  be  exactly  fulfilled.  In  practice  therefore  it  is 
only  necessary  to  determine  whether  the  point  G  lies  between  the 
lines  BCd^nd  AC;  if  it  does,  as  in  the  present  case,  this  position 
of  the  loading  will  furnish  one  maximum  value  for  the  stress  in 

3-4. 

It  will  usually  be  found  that  more  than  one  position  of  the  load- 
ing will  fulfill  the  required  conditions ;  in  such  a  case,  the  actual 
values  of  the  stresses  must  be  determined,  and  the  absolute  maxi- 
mum taken. 

The  value  of  the  moment  at  C  is  found  by  means  of  the  method 
of  the  preceding  article.  The  closing  line  FQ  of  the  funicular 
polygon  is  drawn  and  the  points  M  and  N,  corresponding  to  the 
panel  points  3  and  4,  are  connected  by  a  straight  line ;  the  inter- 
cept -A'Fwhen  multiplied  by  the  proper  pole  distance  will  give  the 
value  of  the  moment;  in  this  case  8,352,cxx)  foot-pounds.  The 
stress  in  3-4  is  this  moment  divided  by  the  lever  arm  cc/  ;  that  is 
«AsV2^ojLo  _-  334,100  pounds  compression.     The  stresses  in  the  other 
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members  of  the  loaded  chord  will  then  be  found  in  precisely  a  simi- 
lar manner. 

Art.  19.   Trusses  with  Subdivided  Panels. 

Trusses  of  long  spans  frequently  have  panels  subdivided  in    the 
manner  shown  in  Fig.  15  ;  in  the  case  there  shown  the  panel  I^^f^^ 


is  divided  by  the  tie  rod  M^L^,  which  is  hung  from  the  point  M^  and 
which  distributes  the  weight  it  carries  at  its  lower  end  to  the 
main  panel  points  of  the  truss,  by  means  of  one  of  several  sub- 
sidiary trussed  panels.  In  this  way,  long  stringers  and  consequently 
heavy  floor  systems  are  avoided ;  the  stresses  in  the  truss  remain 
perfectly  determinate,  but  the  criteria  previously  deduced  either  need 
some  additional  explanations  or  require  some  modification  to  be  ap- 
plicable to  this  form  of  truss.  It  should  be  noted  that  V^L^  is  the 
main  web  member  of  the  panel  L^L^  and  that  C/^^,  is  the  counter 
member;  but  that  portions  of  each  of  these  web  members  are  also  in- 
cluded in  the  subordinate  framing.  The  members  M^M^,  U^Af ^,cic., 
shown  in  dotted  lines  are  not  true  parts  of  the  truss;  their  func- 
tions are  simply  to  support  compression  members  at  intermediate 
points,  and  thus  by  reducing  their  efTective  lengths,  permit  the  use 
of  higher  intensities  of  stress. 

In  the  treatment  which  follows  it  will  not  be  necessary  to  discuss 
both  the  main  and  counter  web  members,  since  the  same  methods 
are  applicable  to  both;  it  is  only  necessary  to  remember  that 
main  members  have  their  maximum  stresses  when  the  loading 
covers  the  longer  portion  of  the  truss  and  counter  members  when 
the  loading  covers  the  shorter  portion  of  a  truss. 

Considering  then  only  the  panel  L^L^,  Figs.  16  to  19,  illustrate 
by  the  dotted  lines  the  various  ways  in  which  the  subordinate  brae- 
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ing  may  act  to  transfer  the  load  brought  to  the  point  M^  to  the 
panel  points  Z,,,  L^,  U^  and  U^,  In  Fig.  16  the  trussing  L^MJL^  dis- 
tributes the  load  to  Z,  and  L^ ;  in  Fig.  17  the  trussing  U^MJJ^  dis- 
tributes the  load  to  U^  and  tf^ ;  in  the  former  case,  the  subordinate 
bracing  (shown  in  dotted  lines)  is  in  compression ;  in  the  latter  in 
tension.     In  Fig.  1 8.  the  trussing  U^MJ.^  distributes  the  load  to 


C/,  and  Z,  and  similarly  in  Fig.  19,  U^MJ.^  distributes  the  load  to 
U^  and  L^ ;  in  these  two  cases  the  subordinate  bracing  is  partly  in 
tension  and  partly  in  compression ;  the  tie-rod  is  however  in  all 
cases  in  tension. 


Art.  20.  Maximum  Web  Stresses  in  Trusses  with  Subdivided 

Panels. 

In  the  treatment  for  the  maximum  stress  in  UJL^  in  the  cases 
shown  in  Figs.  16  and  17,  it  will  be  at  once  seen  that  the  bracing 
shown  in  dotted  lines  transforms  the  short  stringers  Z,Z^  and  LJL^ 
into  one  trussed  stringer,  and  that  the  loads  on  the  panel  length 
LJL^  are  distributed  only  to  the  points  Z,  and  Z^.  The  criterion 
of  Art.  a  2  may  then  be  immediately  applied,  just  as  it  stands, 
taking  as  the  panel  length,  however,  the  length  Z^Z^.  The  maxi- 
mum stress  in  UJ^^  will  then  be  found  as  the  tension  resulting 
from  the  position  of  the  loading  determined  by  this  criterion;  but 
in  Fig.  16  this  stress  must  be  decreased  for  MJ.^  by  that  amount 
of  compression  which  this  portion  of  UJ^^  carries  as  a  member  of 
the  trussed  stringer;  similarly  in  Fig.  17  the  stress  in  U^M^  must 
be  increased  by  that  amount  of  tension  which  this  member  carries 
as  its  share  of  the  trussed  stringer. 

In  considering  the  stress  in  the  web  member  of  Fig.  18,  it  will 
be  necessary  to  consider  the  form  of  the  influence  line  for  stress 
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in  M^L^.  Passing  a  section  through  U^U^^  ^J^^  ^ind  LJ.^^  it  is  at 
once  seen  that  for  a  load  between  the  right  abutment  and  L^ ,  the 
stress  in  M^L^  varies  directly  as  the  left-hand  reaction ;  similarly  for 
a  load  between  the  left  abutment  and  L^  the  stress  varies  directly 
as  the  right-hand  reaction.  Consequently,  the  criterion  of  Art.  12 
is  directly  applicable  to  M^L^ ,  the  panel  length  in  this  case  being 
the  short  panel  L^L^.  This  reasoning  applies  in  exactly  the  same 
way  to  the  short  panel  length  L^L^  in  the  case  of  l/^M^  of  Fig.  19. 
The  maximum  stress  in  the  remaining  portion  of  the  member 
U^L^  in  either  of  these  two  cases  is  then  assumed  to  be  the  stress 
in  that  portion  whose  stress  has  already  been  determined,  increased 
or  diminished,  as  the  case  may  be,  by  that  amount  of  stress  which 
the  portion  shown  in  dotted  lines  must  carry  in  performing  its 
duty  as  a  part  of  the  subordinate  bracing.  It  is  evident,  however, 
that  this  result  does  not  give  the  absolute  maximum  stress  that 
may  occur  in   l/^M^(¥ig.  18)  or  M^L^  (Fig-  I9)«    The  stress  in 


these  members  is  composed  of  two  parts;  that  part  due  to  the 
true  stress  in  the  web  member  itself,  and  that  part  due  simply  to 
the  weight  carried  by  the  tie  rod.  A  criterion  indicating  the 
position  of  the  loading  giving  a  simultaneous  maximum  condition 
of  these  two  factors  is  not  a  simple  one ;  since  but  a  small  error  is 
involved  in  assuming  that  the  position  of  the  load  causing  maxi- 
mum  stress  in  one  portion  of  the  web  member  will  also  cause  the 
maximum  stress  in  another  part,  the  same  position  of  the  loading 
is  generally  assumed  for  both  portions  of  the  web  member. 

These  investigations  indicate  that  the  maximum  web  stresses  in 
trusses  with  subdivided  panels  may  be  obtained  by  means  of 
methods  previously  deduced. 
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Art.  21.  Maximum  Chord  Stresses  in  Trusses  with  Sub- 
divided Panels. 

Unloaded  Chord. 

The  stress  in  any  unloaded  chord  member  such  as  U^U^  (Fig. 
20)  is  found  by  passing  a  section  through  U^U^ ,  ^8^4  ^tnd  L^L^^ , 


^<i. 


Fig.  20. 


and  with  the  center  of  moments  at  L^ ,  equating  the  moment  of 
the  external  forces  situated  on  one  side  of  the  section  with  the 
moment  due  to  the  chord  stress.  Although  the  center  of  moments 
is  at  L^ ,  the  only  external  panel  forces  on  one  side  of  the  section 
are  L^  to  Z, ;  the  load  at  panel  point  L^  is  not  included. 
This  invalidates  therefore  the  use  of  the  simple  criterion 


I' 
1 


deduced  in  Art.  14.     By  methods,  parallel  to  those  of  that  Arti- 
cle, however,  the  proper  criterion  may  be  quickly  deduced. 
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The  influence  line  for  the  stress  in  U^U^  is  easily  drawn,  for  as  a 
load  passes  from  the  left  end  of  the  truss  to  panel  point  Z, ,  the 
stress  varies  directly  as  the  right  hand  truss  reaction,  or  as  a 
straight  line;  a  proper  slope  for  this  line  may  be  indicated  (as  in 
the  case  of  moments,  Art.  13)  by  laying  off  EL  equal  to  /"  on 
the  left  end  of  the  reference  line  and  connecting  L  with  A,  the  right 
end  of  the  reference  line. 

In  a  similar  manner,  the  line  EF  indicates  that  between  L^  and 
L^  the  stress  also  varies  as  a  straight  line,  and  its  slope  is  found  by 
laying  off  AK  equal  to  /,  at  the  left  end  of  the  reference  line. 

Since  all  influence  lines  for  single  loads  are  straight  lines  be- 
tween panel  points,  the  influence  line  may  then  be  closed  by  the 
line/F. 

The  notation  which  will  be  employed  to  develop  the  criterion 
is  indicated  in  the  figure ;  P,  P"  and  P'  represent  in  general  any 
load  between  L^  and  Z,,  Z,  and  Z^,  and  Z^  and  Z„  respectively, 
while  m,  n  and  m'  represent  the  corresponding  influence  ordinates. 

In  general,  then,  the  stress  in  U^U^  may  be  represented  by  the 
following  expression : 

S^I{P' m)  +  2\(P'' 'n)  +  I{F' m')  Eq.  (i) 

The  ordinate  n  may  be  divided  by  the  line  BF\  then 

2'  (P" . «)  =  V  (/^// . «')  +  2^  (P"  • «")  Eq.  (2) 

By  substituting  this  value  of  I{P"  •  n)  in  Eq.  (l)  and  by  replacing 
the  values  of  the  influence  ordinates  by  equivalent  values  found 
from  similar  triangles,  the  value  of  5  becomes 


By  moving  the  loads  an  infinitesimal  amount  to  the  left  the 
change  in  the  stress  or  JS  becomes  : 


-,[..,^^-q-,[p..co_^n 
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-i'[^'-<^~'''j*]-  v[/./^  .J,].  .  .Eq.(4) 

The  condition  for  maximum  stress  requires  that  J5  be  placed 
equal  to  zero.     By  simplifying  terms,  and  by  noting  that 

there  will  be  found  that 

i'[{p+  p  +  /^o-y]  =  -  (^)  +  -^(^'•■^•)     Eq-  (5) 

Eq.  5  is  similar  in  form  to  Eq.  5  of  Article  16,  desired  for  the 
maximum  bending  moment  at  any  point  in  a  simple  truss.  It 
differs  however  in  this  essential  that  in  the  present  case  the  factor 
to  be  applied  to  the  loads  within  the  panel  is//^  and  not  qlp. 

The  position  of  the  loading  having  been  determined  by  means 
of  this  criterion,  the  stress  in  U^U^'xs  found  by  taking  moments 
about  Z..     The   maximum  stress  in  U,U^  occurs  with  the  same 

o  4      6 

position  of  loading  as  UJJ^^  and  its  value  is  also  the  same. 

Loaded  Chord. 
The  stress  in  any  loaded  chord  member  such  as  LJ^^  is  found 
by  passing  a  section  through  UJJ^^  ^s^*  2i"d  LJ^^^  and  taking  the 
center  of  moments  at   6^.     This  permits  the  use  of  the  simple 
moment  criterion 

of  Art.  14,  and  no  unusual  conditions  are  encountered  in  finding 
the  stress  in  LJ..,     The  maximum  stress  in  L,L^  is  found  with  the 

B      4  fa 

same  position  of  loading  as  IJ^^^  and  the  value  of  its  stress  is  ex- 
actly the  same. 

VOL.  XXIV. — 31. 
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THE    GEOLOGY    OF    THE    CERRILLOS    HILLS.    NEW 

MEXICO. 

By  DOUGLAS  WILSON  JOHNSON. 

PART  I.    GENERAL  GEOLOGY. 

(  Continued. ) 

Areal  Geology. 

On  the  geological  map  accompanying  this  report  I  have  en- 
deavored to  represent  the  areal  geology  with  as  fair  a  degree  of  accu- 
racy as  the  nature  of  the  base  maps  would  permit.  As  previously 
stated,  the  topography  indicated  by  the  contour  lines  does  not 
accurately  represent  the  relations  of  the  true  topography  to  the 
geology.  It  will  be  seen  however,  that  the  Santa  Fe  Marls  oc- 
cupy a  large  portion  of  the  area  north  and  south  of  the  Galisteo 
Creek,  while  the  underlying  Cretaceous  beds  are  exposed  only 
where  the  creek  and  its  tributary  arroyos  have  removed  these 
marls.  West  of  the  hills  there  is  a  broad,  open  vale  where  the 
marls  have  been  stripped  off  almost  entirely,  giving  the  most  ex- 
tensive exposures  of  the  Cretaceous  in  the  region. 

Except  where  the  laccolithic  intrusions  of  the  Cerrillos  Hills 
have  disturbed  them,  the  beds  older  than  the  Santa  Fe  Marls  all 
dip  uniformly  to  the  east  at  an  angle  of  from  15  to  20  degrees. 
Thus  in  passing  from  the  western  edge  of  the  area  to  the  eastern 
limit,  we  have  a  geological  section  beginning  with  the  top  of  the 
Jura  Triassic  (?)  red  beds  at  the  base,  and  passing  up  through  the 
Cretaceous  to  the  upper  portion  of  the  red  sandstones  of  the  Gal- 
isteo Group  (Larimie?).  Unfortunately,  this  section  is  greatly 
broken  along  the  Galisteo  Creek,  where  the  best  exposures  are  to 
be  found,  by  the  laccolithic  intrusions  of  the  Cerrillos  Hills.  Far- 
ther to  the  south,  where  the  beds  are  less  disturbed,  the  horizontal 
covering  of  Santa  Fe  Marls  conceals  them,  and  exposures  are  only 
found  in  the  valleys  and  arroyos. 

The  movement  which  produced  this  uniform  eastward  dip  was 
probably  the  same  which  resulted  in  the  great  monoclinal  uplift 
of  the  Sandia  Mountains  some  thirty  miles  to  the  southwest. 
Throughout  the  whole  region  east  and  west  of  the  Sandia  range. 
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for  thirty  miles  or  more  in  either  direction,  there  is  a  notably  uni- 
form dip  to  the  eastward,  except  where  local  uplifts  have  affected 
the  sediments  in  their  immediate  vicinities.  To  the  south  this  up- 
lift is  pronounced  in  the  Manzano  and  more  southern  ranges, 
which  are  continuations  of  the  Sandia  range.  For  this  great 
movement  I  propose  the  name  of  **  Sandia  uplift."  It  has  been 
noted  by  some  of  the  earlier  geological  explorers  and  in  the  geo- 
logical section  from  the  Mississippi  River  to  the  Pacific  Ocean, 
prepared  by  Wm.  P.  Blake  from  the  notes  of  Jules  Marcou,*  it  is 
represented  as  culminating  in  the  Sandia  Mountains. 

This  uplift  has  resulted  in  a  series  of  great  north  and  south 
fractures.  Twenty-five  miles  west  of  the  Sandias  the  Cretaceous 
is  faulted  up  against  later  beds  along  a  north-and-south  break 
which  was  traced  for  thirty  or  forty  miles.  Nearer  the  range,  a 
series  of  recent  volcanic  cones  occurs  along  a  north-and-south  line, 
doubtless  marking  an  extensive  north-and-south  fracture.  The 
Sandias  themselves,  together  with  their  southern  extensions,  mark 
a  great  north-and-south  fault  which  had  a  throw  of  over  four 
thousand  feet  in  places.  Less  conspicuous,  but  quite  extensive 
north-and-south  faults  occur  at  other  points  throughout  the  general 
region. 

In  view  of  the  above  facts  it  is  interesting  to  note  that  the  groups 
of  iaccolithic  mountains  of  which  the  Cerrillos  Hills  form  the  north- 
ernmost member,  are  arranged  along  a  nearly  north-and-south 
line.  The  rocks  composing  them  are  of  the  same  general  char- 
acter, as  shown  by  the  study  of  thin  sections,  while  their  mode  of 
occurrence  is  similar.  It  seems  not  unlikely,  then,  that  the  Cer- 
rillos, Ortiz,  San  Pedro  and  South  Mountains  occur  along  one  of 
the  great  north-and-south  fractures,  which  fractures  served  to  re- 
lease the  andesitic  lava  confined  below.  The  fracture  died  out  be- 
fore reaching  the  surface,  so  that  the  rising  molten  lava  spread 
laterally,  and  arched  up  the  overlying  beds,  forming  great  Iacco- 
lithic intrusions.  In  each  case  the  overarching  beds  have  been 
largely  removed,  but  the  highly  inclined  strata  around  the  intrusive 
reveal  the  nature  of  the  uplift.  For  convenience  I  shall  speak  of 
the  several  Iaccolithic  intrusions  forming  the  Cerrillos  Hills  as  the 
'*  Cerrillos  intrusion." 

With  this  understanding  of  the  two  main  movements  which 
have  materially  affected  the  position  of  the  sediments,  we  can  trace 

*  Pacific  Railroad  Reports,  Vol.  III.,  Plate. 
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out  the  areal  distribution  of  the  beds  more  intelligently.  If,  then, 
we  start  at  the  western  edge  of  the  sheet  and  follow  southeastward 
up  the  valley  of  the  Galisteo  Creek,  we  begin  with  the  easterly- 
dipping  red  sandstones  and  shales  of  the  Jura-Triassic  (?)  series 
(Fjg*  7)'  We  soon  reach  the  limit  of  this  series  and  encounter  the 
yellow  and  white  sandstones  referred  doubtfully  to  the  Dakota 
group  of  the  Cretaceous.  A  short  distance  still  farther  east  are 
dark  shales  of  undoubted  Colorado  age.  From  here  to  the  western 
edge  of  the  Cerrillos  Hills,  a  distance  of  two  miles,  perhaps,  the 
whole  area  is  occupied  by  dark  shales  and  thin  beds  of  sandstones^ 
which  have  been  tilted  and  faulted  by  the  Cerrillos  uplift.  Fort 
Pierre  fossils  were  found  at  several  localities  throughout  this  area. 
Along  the  western  base  of  the  hills  the  beds  dip  westward,  away 
from  the  uplift  (Fig.  6),  but  farther  south  the  eastward  dip  continues. 

As  we  pass  on  eastward  along  the  southern  base  of  the  hills,  we 
find  that  here  the  beds  dip  sharply  to  the  south,  away  from  the 
uplift,  while  further  south  the  eastward  dip  remains  unchanged. 
The  beds  are  of  Fort  Pierre  age.  Close  to  the  base  of  the  hills 
Fort  Benton  strata  are  brought  up  to  view  by  the  laccolith,  while 
farther  south  Fox  Hills  beds  are  encountered. 

Farther  eastward  we  pass  up  into  strata  of  the  Madrid  Group, 
of  Fox  Hills  age.  These  beds  are  well  exposed  in  Ortiz  Arroyo, 
and  further  south  as  far  west  as  Madrid  and  Rogers,  where  they 
dip  a  little  north  of  east,  and  contain  the  coal  seams  of  economic 
importance.  A  mile  east  of  Cerrillos  they  are  turned  up  vertical 
by  one  of  the  smaller  laccolithic  masses,  and  then  dip  more  gradu- 
ally eastward  as  we  pass  away  from  the  uplift  (Plate  G  and  Fig.  4). 

East  of  the  Madrid  Group  we  find  the  red  sandstones  of  the 
Galisteo  Group,  of  Laramie  (?)  age,  which  have  the  usual  easterly 
dip  except  on  the  north  side  of  the  creek  near  the  intrusives,  where 
in  places  they  are  turned  up  quite  sharply.  Eastward,  however, 
where  the  "  petrified  forest  '*  is  found,  the  eflfect  of  the  Cerrillos  in- 
trusion has  died  out  entirely,  and  the  dip  to  the  east  is  quite  uni- 
form throughout  the  whole  area  (Fig.  4).  Under  the  influence  of 
the  intrusion  the  contact  of  this  Galisteo  Group  with  the  under- 
lying Madrid  Group  swings  sharply  eastward  from  a  point  just 
southeast  of  the  town  of  Cerrillos,  so  that  the  red  sandstones  are 
found  much  farther  west  on  the  south  side  of  the  creek  than  on 
the  north.  The  same  is  true  of  the  Madrid  Group,  which  is  found 
as  far  west  as  Rogers  on  the  south  side. 
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The  ideal  section,  Fig.  8,  shows  the  conditions 
above  referred  to,  with  all  minor  disturbances  of 
the  beds  ignored.  The  actual  sections,  given  in 
connection  with  the  map,  represent  the  condi- 
tions more  accurately,  as  found  in  two  repre- 
sentative sections  across  the  area. 

To  recapitulate:  The  Jura-Triassic  (?)  and  Cre- 
taceous beds,  exposed  over  the  central  and  south- 
ern portions  of  the  map,  dip  eastward  under  the 
influence  of  the  great  Sandia  uplift,  but  are  tilted 
in  all  directions  close  to  the  Cerrillos  Hills  under 
the  influence  of  the  local  Cerrillos  intrusions. 
The  horizontal  deposits  of  the  Santa  F6  Marls 
cover  the  northern  and  southern  portions  of  the 
map,  where  they  have  not  been  eroded  by  the 
Galisteo  Creek  and  its  tributaries.  It  is  to  be 
noted  that  remnants  of  these  Marls  still  remain, 
capping  little  mesas  out  in  the  valleys  which 
the  streams  have  carved.  They  are  also  found 
as  little  ledges  adhering  to  the  sides  of  arroyos 
carved  in  the  hard  rock  of  the  Cerrillos  Hills,  in 
exposures  extremely  numerous,  but  too  small  to 
appear  on  the  map. 

The  Cerrillos  Hills  themselves  are  shown  on 
the  map  to  occupy  a  somewhat  central  position 
in  the  area,  their  low',  rolling  foothills  extending 
some  distance  east  of  the  main  peaks.  These 
peaks,  as  well  as  the  whole  western  portion  of 
the  intrusion,  consists  of  rocks  of  the  augite- 
andesite  series,  the  several  phases  of  which  are 
discussed  in  Part  III.,  Petrography.  The  low 
foothills  to  the  east  are  of  hornblende-andesite, 
this  rock  covering  an  area  of  two  or  three  square 
miles.  The  smaller  outlying  hills  to  the  north- 
east are  of  the  augite-andesite  rocks.  In  many 
places,  both  in  the  main  hills  and  the  smaller  out- 
liers, the  andesite  has  been  sheared  and  altered 
so  that  it  appears  white  or  yellow,  in  strong 
contrast  with  the  dark  gray  of  the  fresh  material. 
It  is  in  these  altered  bands,  which  are  quite 
extensive  in  places,  that  the  turquoise  deposits 
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of  Mt.  Chalchihuitl  and  Turquoise  Hill  occur.  Mineralized  belts 
mark  others  of  these  sheared  zones.  A  more  detailed  discussion 
of  the  hills  is  given  inconnecti  on  with  the  consideration  of  their 
origin. 

Northwest  of  the  hills  is  the  low  basalt  crater  (Plate  H)  from 
which  a  thin  flow  of  olivine  basalt  has  spread  out  over  the  Santa 
F6  Marls  (Plate  F),  covering  several  square  miles  of  territory.  The 
erosion  which  has  exposed  the  Cretaceous  in  the  low  vale  west  of 
the  hills  has  removed  a  little  of  the  southern  part  of  this  basalt 
sheet,  as  well  as  the  Marls  immediately  beneath  it.  The  flow  at 
this  point  is  only  12  or  15  feet  in  thickness,  and  is  notably  vesic 
ular.  The  rock  is  quite  black  in  color,  while  near  the  crater  it  is 
a  dull  red,  from  abundant  iron  stain.  It  would  seem  that  the  sur- 
face of  the  Marls  over  which  it  flowed  was  fairly  level,  no  marked 
unconformities  of  erosion  being  seen.  The  flow  extends  a  little 
westward  beyond  the  limits  of  the  map,  while  to  the  north  it 
merges  with  other  similar  flows,  through  which  the  Santa  ¥€ 
Creek  cuts  its  way.  Northeast  of  the  volcano  the  conical  hill 
known  as  Mt.  Calvary  (Plate  I)  is  shown  on  the  northern  edge  of 
the  map.  This  hill  is  composed  of  the  feldspar  free  basalt,  limbur- 
gite.   Just  east  of  it  is  another  of  the  outlying  hills  of  augite  andesite. 

At  the  western  base  of  Mt.  Calvary,  and  one  mile  east  of  Grand 
Central  Mountain,  are  small  exposures  of  the  volcanic  breccia 
which  occurs  interstratifled  with  the  red  sandstones  of  the  Galisteo 
Group,  just  east  of  the  eastern  border  of  the  map  (Plate  J).  At 
that  point  the  breccia  is  shown  to  be  over  a  hundred  feet  in  thick- 
ness, with  occasional  lenses  of  red  sand,  indicating  the  intermittent 
action  of  the  explosive  volcano  from  which  the  material  came. 
This  breccia  is  well  stratified,  showing  the  eflfects  of  the  sorting 
action  of  water.  It  rests  on  red  sandstone  containing  silicified 
fragments  of  tree  trunks.  The  petrographical  discussion  occurs  in 
Part  III.  of  this  report. 

In  the  southern  part  of  the  area  are  shown  small  areas  of  rocks 
of  the  hornblende-andesite  series.  These  represent  intruded  sheets 
or  sills  of  the  andesite,  which  have  their  origin  in  the  laccolithic 
Ortiz  Mountains  to  the  south,  and  dip  east  with  the  Cretaceous 
beds  in  which  they  occur  (Fig.  5).  Similar  sills  of  the  augite 
andesite  are  found  at  several  places  along  the  south  and  west  sides 
of  the  hills,  where  they  dip  away  from  the  uplift,  together  with 
the  beds  in  which  they  occur. 
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Radiating  outward  from  the  Cerrillos  Hills  is  a  beautiful  system 
of  dykes,  some  of  which  extend  across  the  country  for  several 
miles  as  high  walls.  These  are  best  shown  in  the  vale  west  of  the 
hills,  where  they  are  cut  by  a  later  series  of  basalt  dykes  radiating 
from  the  volcano  to  the  north.  In  Ortiz  Arroyo,  south  of  the  town 
of  Cerrillos,  one  of  the  andesite  dykes  (Fig.  9)  is  well  exposed, 


Ftc.  9.     Dyke  soaih  of  Cenillos. 

standing  as  a  narrow  wall  fifty  feet  or  more  above  the  valley  floor. 
This  dyke  is  faulted  several  feet  in  an  east-and-west  direction,  al- 
lowing the  arroyo  to  cut  through  the  narrow  gateway  thus  formed. 
The  "  Madrid  dyke  "  (Fig.  10),  running  north  and  south  through 
Coal  Gulch,  seems  to  come  from  the  Ortiz  rather  than  the  Cerrillos 
Group,  since  it  grows  steadily  narrower  to  the  north,  and  finally  . 
disappears  entirely.  The  andesite  dykes  never  cut  the  Santa  F6 
Marls,  being  older  than  they.  Several  basalt  dykes  south  of  the 
hills  have  a  trend  which  suggests  for  them  another  origin  than  the 
volcano,  as  noted  in  subsequent  pages. 

Several  small  exposures  of  interstratified  sheets  of  mica  andesite 
are  found  south  and  west  of  the  hills.  One  of  these  occurs  in  the 
Galisteo  Monocline,  the  easterly  dipping  beds  near  the  western 
edge  of  the  area.     Immediately  above  it  are  fossiliferous  shales  of 
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Colorado  age.  Another  of  these  sheets  is  shown  northeast  of 
Waldo,  dipping  sharply  away  from  the  laccolith  with  the  shales  in 
which  it  occurs.  Farther  east,  north  of  Cerrillos,  shales  of  Colo- 
rado (Fort  Benton)  age  are  found  near  the  laccolith.  A  third  ex- 
posure of  the  andesite  occurs  along  the  road  two  miles  and  a  half 
northwest  of  Waldo,  in  dark  shales  similar  to  those  found  at  the 
two  other  localities.  The  resemblance  of  the  rock  in  all  three 
cases  suggests  that  they  are  parts  of  the  same  sheet,  and  hence 
that  some  portion  of  the  Colorado  shales  are  brought  to  the  sur- 


Fn.  10.      "  Madrid  dyke  "  cutting  sandstones  of  Ihe  Madrid  Croup,  in  Coal  Gulch. 

face  at  the  point  northwest  of  Waldo,  in  the  vale  where  most  of 
the  shales  are  apparently  of  Fort  Pierre  age.  The  disturbed  con- 
dition of  the  beds,  and  the  nature  of  the  country,  prevent  accurate 
stratigraphic  determinations.  As  noted  in  the  petrographic  de- 
scription of  this  mica  andesite,  it  appears  that  the  rock  was 
vesicular,  and  was  poured  out  as  a  surface  flow  over  beds  of  Colo- 
rado age,  being  subsequently  buried,  greatly  altered,  and  finally 
uptilted  by  the  Sandia  and  Cerriilos  uplifts  along  with  the  beds  in 
which  it  occur,'. 

Near  the  top  of  the  Galisteo  Monocline  there  occurs  a  small  in- 
truded sheet  of  the  augite  andesite,  which  may  be  an  offshoot  from 


GEOLOGY    OF    THE    CERRILLOS   HILLS.        463 

one  of  the  dykes.  The  rock  of  this  sheet  shows  some  peculiar 
mineralogical  variations,  as  noted  in  Part  III. 

Having  now  briefly  sketched  the  more  salient  features  of  the 
areal  geology,  a  consideration  of  the  nature  of  the  Cerrillos  in- 
trusion is  presented,  after  which  the  subsequent  physiographic 
history  of  the  region  will  be  discussed.  We  will  then  be  in  a 
position  to  review  the  main  events  in  the  whole  geologic  history 
of  the  region,  so  far  as  available  records  make  this  possible. 

Origin  of  the  Cerrillos  Hills. 

The  Cerrillos  Hills  have  been  considered  by  some  geologists  as 
remnants  of  great  dykes,  and  by  others  as  remnants  of  old  volcanoes, 
from  which  the  flow  and  more  or  less  of  the  cone  have  been  eroded. 
So  far  as  I  am  aware  a  laccolithic  origin  has  never  been  suggested. 
This  is  not  surprising  when  we  consider  the  comparative  youth  of 
the  laccolithic  idea,  the  obscure  relations  which  the  Cerrillos  Hills 
present,  and  the  fact  that  the  work  of  the  earlier  geologists  was 
necessarily  in  the  nature  of  brief  reconnoissances. 

Since  the  classic  work  of  Gilbert  on  the  Henry  Mountains, 
laccolithic  mountains  have  been  described  from  a  number  of 
localities  in  the  West.  The  work  of  Cross,  Weed  and  Pirsson, 
Jaggar  and  others  has  established  the  importance  of  this  type  of 
mountain  form,  and  given  us  a  good  conception  of  its  peculiar 
characteristics.  The  study  of  the  Cerrillos  Hills  leaves  little  doubt 
as  to  their  laccolithic  origin,  and  in  the  following  paragraphs  I 
shall  endeavor  to  point  out  the  features  which  convinced  me  of 
their  identity  in  structure  with  laccolithic  intrusions  elsewhere  de- 
scribed. 

As  evidence  of  the  intrusive  nature  of  the  Henry  Mountains, 
Gilbert  pointed  out  the  followmg  facts,  which  may  be  applied  as 

tests  to  any  uplift  supposedly  of  laccolithic  origin:  (i)  No  frag- 
ments of  the  eruptive  are  found  in  the  associated  strata ;  (2)  the 
eruptive  is  never  vesicular  or  fragmental,  as  in  surface  flows ;  (3) 
the  inclination  of  the  strata  at  high  angles  proves  that  they  were 
tilted  subsequent  to  their  deposition ;  (4)  sheets  cut  across  the 
strata,  and  so  must  be  subsequent  to  their  deposition ;  (5)  contact 
phenomena  occur  in  the  beds  above,  as  well  as  those  below,  the 
laccoliths.  In  addition  to  the  above,  we  may  note  the  following 
features  which  are  also  more  especially  characteristic  of  laccolithic 
intrusions:  (i)  The  dipping  away  of  the  strata  in  all,  or  many,  di- 
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rections  from  the  intrusive.  This  may  not  occur  on  all  sides  of  a 
laccolith,  as  pointed  out  in  the  case  of  several  asymmetrical  lacco- 
liths which  have  been  carefully  studied ;  or  the  evidence  may  be 
wholly  wanting  as  a  result  of  advanced  erosion ;  or,  as  is  the  case 
in  parts  of  the  Cerrillos  region,  it  may  be  wholly  obscured  by 
being  covered  with  later  sediments.  (2)  The  occurrence  of  intru- 
sive sheets,  especially  thick  near  the  laccolith,  dipping  away  from 
it  at  more  or  less  high  angles,  together  with  the  strata  in  which 
they  occur.  These  are  the  sheets  which  fill  in  the  hollows  of  the 
bending  strata  near  the  base  of  the  laccolith.  Intrusive  sheets 
may  also  occur  in  all  other  positions  about  the  laccolith.  (3)  The 
presence  of  annular  drainage  (sometimes  inherited  in  the  hard  rock 
of  the  laccolith  itself).  These  features  may  be  absent,  but  when 
present  are  valuable  evidence  in  favor  of  a  laccolithic  origin. 

In  the  Cerrillos  region  the  laccolithic  origin  of  the  hills  is  not 
shown  with  the  diagrammatic  clearness  that  is  found  in  some 
groups  of  similar  origin.  It  is  probable  that  the  Sandia  uplift  oc- 
curred previous  to  the  Cerrillos  uplift,  and  that  the  laccolithic  masses 
were  intruded  in  the  inclined  strata.  As  has  been  shown  by  Cross 
and  others,  this  results  in  more  or  less  irregularity  of  form.  It 
also  appears  from  the  evidence  available  that  part  of  the  Cerrillos 
laccoliths  were  intruded  before  the  rest,  which  is  another  cause  of 
irregularity  in  form.  Erosion  has  removed  all  of  the  sediments 
from  the  hills  and  has  greatly  dissected  the  intrusive  rock.  Thus 
the  evidence  of  over-arching  sediments  is  lacking.  At  the  same 
time,  erosion  has  not  cut  deep  enough  to  reveal  good  exposures  of 
the  base  of  the  intrusives. 

Subsequent  to  this  erosion  the  great  alluvial  fans  of  the  Santa  F^ 
Marls  spread  out  over  the  region  and  completely  buried  everything 
except  the  peaks  of  the  hills  themselves,  wholly  obscuring  all  traces 
of  the  upturned  sediments  and  other  evidences  of  the  true  nature 
of  the  uplift.  More  recent  erosion  has  removed  these  marls  from 
the  southern  base  of  the  hills,  but  the  whole  northern  portion  still 
lies  buried  beneath  this  mantle,  the  conical  peaks  rising  abruptly 
from  the  plain. 

In  view  of  these  facts  it  is  not  strange  that  earlier  geologists, 
giving  to  these  hills  but  limited  study,  should  regard  them  as  rem- 
nants of  great  dykes  or  surface  volcanoes.  When  studied  in  more 
detail,  however,  they  offer  the  following  evidences  of  their  lacco- 
lithic origin : 
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1.  In  the  case  of  the  Cerrillos  Hills,  no  fragments  of  the  eruptive 
are  found  in  the  associated  strata.  This  statement  does  not  apply 
to  the  Santa  F6  Marls,  of  course,  which  are  of  much  more  recent 
age,  of  alluvial  origin,  and  which  may  therefore  be  ignored  in  this 
discussion. 

2.  In  no  case  is  the  rock  vesicular  or  fragmental.  On  the  con- 
trary it  is  a  hard,  dense  rock,  compactly  crystalline,  almost  grani- 
toid in  places,  and  showing  every  evidence  of  having  cooled  in 
depth  under  pressure.  (See  Part  III.,  Petrography,  of  this  report, 
under  the  Hornblende-Andesite  and  Augite-Andesite  Series.) 

3.  The  strata  dip  away  from  the  hills  at  high  angles,  thus  prov- 
ing tilting  subsequent  to  deposition.  In  several  places  near  the 
intrusive  the  beds  are  almost  vertical,  while  east  of  Cerillos  they 
are  even  pushed  back  beyond  the  vertical.  (See  Figs.  4  and  6  and 
Plate  G.     Also  sections  on  map.) 

4.  In  a  few  localities  sheets  were  seen  to  send  out  tongues  of  the 
lava  into  the  adjacent  beds,  thus  proving  their  intrusive  nature. 
One  such  case  is  well  shown  in  Achavica  Arroyo,  west  of  Grand 
Central  Mountain. 

5.  Contact  phenomena  were  noted  in  the  beds  which  rested 
upturned  against  the  laccolith.  Sandstones  were  hardened  to 
quartzites,  while  shales  and  their  contained  fossils  were  profoundly 
metamorphosed.  In  places  the  shales  were  baked  to  very  dense 
hornstone,  as  near  the  locality  mentioned  above. 

6.  Wherever  exposed,  the  beds  dip  in  all  directions  away  from 
the  laccolith.  The  only  exceptions  to  this  case  are  found  in  a  few 
small  exposures,  which  represent  small  blocks  faulted  into  abnor- 
mal positions,  or  caught  up  in  the  mass  of  the  intrusive  itself. 
Apparent  abnormal  dips  on  the  east  side  of  the  hills  are  shown  to 
be  due  to  small  subordinate  laccoliths.  This  dip  away  from  the 
intrusive  is  best  shown  south  of  the  hills,  where  the  Galisteo  Creek 
has  cut  the  best  section  through  the  critical  points.  Here  the 
strata  in  contact  with  the  intrusive  dip  south  at  an  angle  of  from 
70°  to  80°.  On  the  south  bank  of  the  creek  the  dip  changes  to 
65°,  50°  and  40°,  finally  dying  out  until  the  beds  resume  their 
usual  easterly  dip. 

7.  Intrusive  sheets,  especially  thick  and  dipping  away  at  high 
angles  near  the  uplift,  thinner  and  less  steeply  inclined  farther 
away  are  found  in  several  localities  throughout  the  region.  Some 
of  the  best  of  these  are  shown  along  the  creek  between  Cerrillos 
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and  Waldo.  Here  one  great  sheet  occurs  in  Cretaceous  shales 
which  dip  80°  to  the  south,  or  away  from  the  laccolith  (see  Plate 
K).  The  soft  shales  have  been  so  greatly  eroded  from  about  it 
that  it  stands  up  like  part  of  a  huge  east  and  west  dyke.  Just 
south  are  several  thinner  sheets,  dipping  at  angles  from  65°  to  40°. 
The  accompanying  diagram  (Fig.  11)  will  serve  to  illustrate  the 
conditions  there  represented. 


J 


Fig.  II.     Diagram  illustrating  relations  of  intrusive  sheets  west  of  Cerrillos. 

Another  such  intruded  sheet,  similar  to  the  larger  one  above 
described,  is  seen  as  a  great  wall  east  of  Cerrillos.  The  shales  are 
here  nearly  vertical.  Smaller  sheets  of  this  nature  are  found  in  a 
number  of  places  throughout  the  region.  .  The  large  sheets  of  the 
Madrid  area  have  their  origin  in  the  Ortiz  Mountains,  farther 
south,  and  occur  in  beds  which  have  been  but  little  disturbed  from 
their  easterly  dip.  It  is  possible  that  they  have  their  origin  in 
dykes,  as  is  apparently  the  case  with  some  small  sheets  in  the  area 
west  of  the  hills. 

8.  There  is  some  evidence  of  inheritance  of  annular  drain, 
age  from  valleys  in  previously  domed  sediments.  San  Marcos 
Arroyo  follows  around  the  eastern  and  southeastern  side  of  the 
hiHs,  and,  as   can    be   seen   from  the   contour  lines,   is   contin- 
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ued  around  toward  the  northwest  in  a  low  depression,  to  a  point 
northeast  of  Turquoise  Hill.  From  Cerrillos,  where  San  Marcos 
Arroyo  joins  the  Galisteo  Creek,  the  drainage  is  to  the  northwest, 
while  Achavica  Arroyo,  rising  between  two  ot  the  main  laccoliths, 
flows  down  the  wjestern  side  of  the  hills.  This  drainage  was  estab- 
lished prior  to  the  formation  of  the  Santa  ¥i  Marls,  as  shown  in 
subsequent  pages.  A  considerable  portion  of  San  Marcos  Arroyo 
is  in  the  hard  rock  of  the  laccolithic  mass  itself.  And  even  where 
the  arroyo  seems  to  follow  near  the  contact  of  the  sediments  and 
the  laccolith,  it  has  cut  narrow  gorges  through  offshoots  of  the 
main  mass.    Such  a  case  of  inherited  drainage  is  shown  in  Fig.  12, 


Fig.  12.  San  Marcos  Arroyo.     Gorge  through  narrow  ridge  of  homblcudc  aodesite. 

where  the  arroyo  cuts  through  a  short,  thick  ridge  of  the  andcsite, 
although  lower  and  more  easily  eroded  country  is  found  a  few  rods 
both  north  and  south  of  the  gorge. 

The  Cerrillos  Hills  present  some  obscure  relations,  but  from  the 
evidence  just  set  forth  the  laccolithic  origin  of  the  hills  is  appar. 
ent.  Regarding  the  exact  number  and  relations  of  the  several 
laccoliths  I  am  in  doubt.  The  following  conditions  seem  to  me 
most  probable,  although  I  am  far  from  asserting  them  as  certainly 
true. 
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The  earliest  intrusion  was  that  of  the  hornblende  andesite^ 
which  now  forms  the  eastern  foothills  of  the  Cerrillos  group.  This 
andesite  is  cut  by  dykes  of  the  later  intrusive.  In  it  are  a  num- 
ber of  inclusions  of  the  upper  Cretaceous  sandstones  (Madrid  and 
Galisteo  Groups),  while  near  its  western  limit  is  found  a  small  ex- 
posure of  the  volcanic  breccia  (Galisteo  age),  dipping  off  to  the 
west  The  western  limit  of  this  rock  was  difficult  to  determine, 
so  closely  does  it  resemble  the  later  intrusion  of  augite  andesite. 
The  contact  between  the  two,  as  shown  on  the  map,  is  only  ap- 
proximately correct.  This  older  laccolith  sent  off' sheets  into  the 
surrounding  beds,  some  of  which  are  still  well  shown  in  San  Mar- 
cos Arroyo.  With  it  were  several  subordinate  laccoliths,  one  of 
which  is  fairly  well  exposed  east  of  Cerrillos.  That  it  was  asym- 
metrical is  indicated  by  its  abrupt  southern  face,  near  which  the 
beds  are  vertical,  while  to  the  north  it  slopes  more  gradually,  beds 
between  it  and  San  Marcos  Arroyo  dipping  northward  from  it  at  a 
much  lower  angle.  This  subordinate  laccolith  is  the  only  one  in 
the  group  upon  the  top  of  which  I  found  any  sediments.  On  its 
northern  slope  were  some  thin  sands  and  shales,  not  wholly  eroded. 
At  its  base,  also,  I  made  out  uncertain  evidence  of  the  underlying 
shales.  It  was  intruded  in  the  highest  shale  bed  of  the  Madrid 
Group,  as  shown  in  Fig.  4,  which  represents  the  contact  of  these 
beds  with  the  eastern  side  of  the  laccolith.  Farther  north,  the 
beds  in  San  Marcos  Arroyp  dip  north,  indicating  the  position  of 
another  of  these  smaller  laccoliths.  The  Santa  F6  Marls  conceal 
the  area  just  south. 

Just  what  relation  this  intrusion  bears  to  that  of  the  augite- 
andesite  series  to  the  west,  I  am  uncertain,  but  it  seems  most 
probable  from  the  field  relations  that  the  later  intrusive  was  in- 
jected west  of  the  older  laccolith,  but  spread  eastward  to  join  with 
it.  It  may,  indeed,  have  enlarged  that  laccolith  by  insinuating 
itself  between  its  top  and  the  overlying  beds,  having  since  been 
more  or  less  completely  eroded.  In  this  connection  it  is  interest, 
ing  to  note  that  a  little  of  the  typical  augite  andesite  was  found  in 
several  places  over  the  hornblende-andesite  area,  where  it  occurs 
in  small  exposures  of  a  breccia  largely  of  hornblendic  fragments. 

It  seems  probable,  from  the  relation  of  the  sediments  near  the 
head  of  Achavica  Arroyo,  that  the  main  body  of  the  hills  is  com- 
posed of  two  adjoining  laccoliths,  one  embracing  Santa  Rosa, 
Santa  Rosita,  Lueras  and  Achavica  Mountains,  the  other  Mount 
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McKensie,  Grand  Central  Mountain,  and  the  whole  of  the  southern 
foothills.  From  Lueras  Flill  a  broad  sheet  or  subordinate  laccolith 
extends  south  west  ward,  capping  beds  which  dip  toward  the  east. 
The  beds  still  farther  west  show  a  westerly  dip,  possibly  indicating 
the  position  of  another  laccolith  not  yet  exposed.  The  greater 
part  of  these  laccolithic  masses  seem  to  be  intruded  in  Fort  Pierre 
shales.  Near  Cerrillos,  however,  Fort  Benton  shales  occur,  ap- 
parently as  a  small  block  faulted  into  an  abnormal  position.  These 
shales  dip  in  toward  the  hills,  instead  of  away  from  them. 

Of  the  outlying  subordinate  laccoliths  Rocky  Butte  (Plate  L),  a 
mile  or  two  to  the  northeast,  is  the  only  one  near  which  the  older 
sediments  are  exposed.  Just  east  of  it  the  red  sandstones  of  the 
Galisteo  Group  are  vertical  and  strike  northeast  and  southwest. 
Columnar  structure  is  well  developed  in  this  hill,  the  columns  be- 
ing vertical,  and  so  proving  that  it  is  not  merely  the  remnant  of 
one  of  the  radial  dykes. 

Gray  Hill,  Turquoise  Hill  (Plate  O)  and  Bonanza  Hill,  to  the 
northwest,  are  similar  subordinate  laccoliths,  but  are  wholly  sur- 
rounded by  the  horizontal  beds  of  the  Santa  F6  Marls.  Whether 
these  have  special  conduits  beneath  them,  such  as  dykes  from  the 
main  hills,  perhaps,  or  whether  they  represent  local  enlargements 
of  sheets  spreading  out  from  those  hills  (bearing  the  same  relation 
to  them  that  the  Mato  Tepee  does  to  the  Little  Missouri  Buttes, 
according  to  Jaggar)  can  only  be  conjectured. 

The  symmetrical  basalt  cone,  Mt.  Calvary  (Plate  I),  at  the  north, 
is  surrounded  by  Santa  F6  Marls  except  at  its  western  base,  where 
a  little  of  the  volcanic  breccia  found  in  the  Galisteo  Group  is  ex- 
posed. The  facts  that  the  rock  is  not  vesicular,  nor  fragmental, 
but  is  hard  and  dense,  and  shows  evidence  of  having  cooled  under 
pressure ;  that  there  is  no  evidence  of  any  lava  flow  having  ever 
been  associated  with  it ;  and  that  the  hill  is  so  strikingly  symmet- 
rical, suggest  that  it  is  the  remnant  of  an  eroded  laccolith.  But 
this  would  necessitate  the  assumption  that  the  ultra-basic  limbur- 
gite  composing  this  hill  was  intruded  long  before  the  related  lim- 
burgites  occurring  in  the  more  recent  dykes,  since  such  an  intru- 
sion must  have  occurred  when  there  was  a  great  mass  of  overly- 
ing sediments.  While  not  impossible  that  we  may  have  two  rocks 
almost  identical  in  all  their  characters,  but  of  widely  different  age, 
it  is  nevertheless  a  questionable  hypothesis.  To  regard  this  hill  as 
the  neck  of  an  old  volcano  would  necessitate  the  assumption  that 
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the  Santa  F6  Marls  .  were  thicker  here  and  an  overlying  crater 
and  flow  have  been  completely  eroded,  which  seems  most  un- 
likely in  view  of  the  relations  of  the  Marls  to  the  other  basalt 
flows  in  the  region.  If  it  represents  merely  a  surface  overflow 
from  a  dyke  or  other  conduit,  the  petrographic  features  are 
certainly  not  what  we  would  expect  in  a  rock  occurring  in  this 
manner. 

The  beautiful  system  of  radial  dykes  is  well  exposed  by  the  ero- 
sion of  the  softer  beds  in  which  they  occur.  Such  a  system  of 
dykes  has  not  been  recorded  in  connection  with  any  of  the  great 
type  laccoliths  of  the  west.  The  Crazy  Mountains,  where  such 
dykes  are  most  beautifully  developed,  are  regarded  as  great 
« stocks/'  with  only  subordinate  laccoliths  associated,  and  the 
dykes  radiate  outward  from  the  stocks.  Dykes  are  mentioned 
from  all  of  the  laccolithic  mountains  described,  but  they  occur 
above  the  laccoliths,  below  them,  or  scattered  throughout  the 
region,  without  any  orderly  arrangement.  In  the  Cerrillos  re- 
gion, however,  these  dykes  radiate  outward  from  a  common  center^ 
which  is  located  toward  the  northern  end  of  the  hills.  The  low 
basaltic  volcano  to  the  northwest  also  marks  a  nucleus  from  which 
radial  basalt  dykes  extend  outward  to  intersect  the  older  andesitic 
series.  Several  basalt  dykes  south  and  Southeast  of  the  hills  hare 
a  trend  which  suggests  their  independence  of  the  crater  to  the 
northwest.  They  may  have  come  up  from  the  reservoir  below, 
along  independent  lines  of  fracture. 

I  do  not  believe  that  the  radial  dykes  of  the  Cerillos  region  are 
due  to  radial  fractures  produced  by  the  intrusion  of  the  lava. 
Whatever  the  nature  of  the  conduit,  it  was  probably  not  of  sufii* 
cient  magnitude  to  produce  the  results  noted.  This  would  be 
especially  true  of  the  liquid  basalt  flow,  the  extrusion  of  which  was 
so  quiet  as  not  to  greatly  disturb  the  horizontal  Santa  F^  Marls. 
The  fact  that  these  dykes  were  not  contemporaneous  with  the 
greater  masses  is  also  attested  by  the  notable  difference  in  the 
rocks  constituting  the  two.  Were  they  the  result  of  one  intrusion, 
the  rock  in  both  should  be  the  same.  As  a  matter  of  fact  the  dyke 
rocks  are  more  basic,  as  is  so  often  the  case.  This  is  especially 
true  in  the  case  of  the  basalt,  the  flow  being  an  ordinary  olivine 
basalt  with  much  plagioclase,  but  all  of  the  dykes  being  composed 
of  ultra-basic,  feldspar-free  limburgite.  It  is  also  found  that  the 
dykes  cut  the  greater  masses  in  places. 
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Pirsson  has  already  offered  a  very  plausible  explanation  of  the 
phenomena  of  radial  dykes  of  this  type.*  It  is  pointed  out  that 
when  the  surrounding  beds  lose  the  heat  imparted  to  them  by  the 
eruptive  mass,  they  will  contract,  producing  cracks,  which,  if  the 
beds  be  fairly  homogeneous  and  undisturbed,  will  assume  a  more 
or  less  radial  position.  These  cracks  may  then  be  filled  with  the 
lava  from  below,  forming  dykes  which  are  of  more  recent  age  than 
the  main  masses.  As  a  result  of  the  continued  differentiation  of 
the  magma  in  depth,  such  dykes  are  usually  more  basic  than  the 
earlier  intrusives.  It  seems  to  me  that  such  an  explanation  most 
readily  accounts  for  the  conditions  which  are  found  in  the  Cerrillos 
region. 

It  remains  to  note  the  evidence  furnished  by  the  position  of 
these  dykes  regarding  the  relative  ages  of  the  Sandia  uplift  and 
Cerrillos  intrusion.  If  the  andesite  were  intruded  in  horizontal 
strata,  the  subsequent  cooling  and  contraction  would  naturally 
develop  vertical  fissures.  If  the  Sandia  uplift  then  tilted  the  beds, 
the  dykes  which  formed  in  these  fissures  would  be  tilted  also.  As 
a  matter  of  fact  the  dykes  generally  appear  to  be  quite  vertical. 
The  fact  that  only  a  few  of  the  dykes  approximately  parallel  to 
the  strike  of  the  beds  are  well  exposed,  as  well  as  the  possible 
complicating  conditions  which  might  destroy  the  original  hypo- 
thetical simplicity,  makes  the  evidence  of  only  suggestive  value. 

General  Physiography. 

In  the  discussion  of  the  origin  of  the  Santa  ¥€  Marls  I  have 
already  considered  the  development  of  the  great  alluvial  fans  of 
the  region,  and  the  resulting  topography.  As  was  there  explained, 
these  Marls  remain  capping  isolated  mesas,  or  tongue-like  ridges 
from  the  main  body  of  the*  plains,  where  the  Galisteo  Creek  and 
its  tributary  arroyos  have  not  yet  removed  them.  The  main  facts 
noted  are  these : 

The  Marls  rest  on  the  upturned  edges  of  the  Cretaceous  beds. 
The  contact  shows  a  remarkably  even  horizontal  plane  truncating 
the  easterly  dipping  sandstones  and  shales.  Variations  in  hard- 
ness of  the  beds  appear  not  to  affect  this  plane,  which,  wherever 
exposed  was  uniformly  even.      The  phenomena  are  essentially 


*"  Complementary  Rocks  and  Radial  Dikes,"  L.  V.  Pirsson.    Am,  Jour,  Sci.^  Vol. 
L.,  1895,  pp.  116-121. 
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those  described  by  Gilbert  as  the  results  of  "  planation."  *  Ex- 
posures nearer  the  Ortiz  Mountains  indicate  that  this  rock  floor 
rises  toward  the  ranges  with  a  gentle  slope. 

The  evidence  would  seem  to  indicate  that  subsequent  to  the 
Sandia  and  Cerrillos  uplifts,  and  prior  to  the  deposition  of  the 
Santa  F6  Marls,  the  long-continued  erosion  of  the  first  half  of  the 
Tertiary  period  reduced  the  region  practically  to  a  local  peneplain, 
above  which  the  several  mountain  ranges  still  projected  as  monad, 
nocks. 

I  have  called  attention  to  the  notable  series  of  flat- topped 
hills  along  the  Galisteo  Creek  and  its  arroyos,  and  which  indi- 
cate the  uniform  level  of  the  old  alluvial  plain,  now  being  dis- 
sected. Much  less  noticeable  is  a  second  series  of  level  platform- 
like elevations,  about  75  or  100  feet  lower  than  the  former,  and 
nearer  the  creek.  These  are  also  covered  by  the  horizontal  Santa 
F6  Marls  which  rest  on  the  more  or  less  evenly  planed-off  Cre- 
taceous beds.  We  have  thus  two  definite  levels  or  terraces,  each 
capped  by  the  horizontal  Marls.  These  two  levels  have  been  noted 
throughout  the  valley  of  the  Rio  Grande  and  its  tributaries  in 
many  places.  Hayden  referred  to  a  •'  double  series  of  terraces  "  in 
a  number  of  places  in  his  report,  as  for  instance,  "  The  Rio  Grande 
wears  its  way  through  these  marls  (Santa  F^  Marls)  with  a  bottom 
about  two  miles  wide.  On  the  west  side  are  distinct  terraces  with 
the  summits  planed  off  smoothly  like  mesas.  The  first  one  is 
eighty  feet  above  the  river ;  the  second  one  two  hundred  feet."  f 

As  will  be  seen  from  the  conditions  in  the  Cerillos  region,  these 
terraces  do  not  represent  the  type  produced  by  a  stream  cutting 
out  an  old  drift-filled  valley.  The  terraces  are  cut  in  solid  rock, 
and  we  apparently  have  a  true  case  of  terraces  formed  as  a  result 
of  reelevation  of  the  region,  allowing  the  streams  to  cut  to  a  lower 
level  than  the  floors  of  the  old  valleys  in  which  they  formerly 
flowed.  In  the  bed  of  the  Galisteo  itself.  I  have  found  traces  of 
the  old  valley  bottom,  only  seven  feet  above  the  present  water 
level.  Here,  too,  were  remnants  of  the  Santa  F6  Marls  capping 
the  planed-off  Cretaceous  beds. 

The  Santa  Fe  Marls  are  found  as  mere  remnants  well  up  in 
every  arroyo  in  the  region.     In  the  narrow  gorges  cut  in  the  hard 


*  *«  Geol.  of  Henry  Mts.,"  pp.  126-133. 

t  Prelim.  Field  Rep.  U.  S.  Geol.  Surv.,  Col.  and  New  Mex.,  1869,  p.  69. 
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rock  of  the  Cerrillos  Hills  the  marls  are  represented  by  narrow 
ledges  of  the  peculiar  conglomerate  still  adhering  to  the  sides  of  the 
valley  walls,  or  still  persisting  in  places  in  the  beds  of  thearroyos. 
This  shows  that  the  drainage  of  the  region  was  fully  established 
in  its  present  relations,  previous  to  the  formation  of  these  marl 
beds.  The  influence  exerted  by  the  Cerrillos  laccoliths  in  the 
establishing  of  this  drainage  has  already  been  suggested. 

The  history  of  the  drainage  relations,  if  my  interpretation  of  the 
phenomena  is  correct,  is  as  follows  :  After  the  great  Sandia  uplift, 
tilting  the  strata  to  the  east,  and  the  Cerrillos  intrusion,  doming  the 
beds  in  the  central  portion  of  the  area,  the  early  Tertiary  erosion 
removed  a  vast  thickness  of  beds  and  reduced  the  area  about  the 
mountains  to  a  gently  sloping  plain.  During  this  time  the  Cerrillos 
laccolithic  intrusion  and  the  domed  beds  above  it  went  through  the 
cycles  of  radial  and  annular  drainage,  a  portion  of  the  annular 
drainage  being  inherited  in  the  hard  rocks  of  the  outer  edges  of 
parts  of  the  intrusives.  When  the  area  was  practically  reduced, 
the  slightly  lower  level  marking  the  junction  of  the  gentle  slopes 
from  the  Ortiz  and  Cerrillos  regions  doubtless  marked  the  location 
of  an  east-and'west  stream.  As  a  result  of  elevation  this  stream 
again  became  active,  cutting  a  valley  75  or  lOO  feet  deep  into  the 
plain,  and  then  spreading  laterally  until  the  valley  was  widened  out 
to  a  considerable  breadth.  A  second  elevation  caused  the  stream 
to  cut  still  deeper.  In  the  meantime  the  more  detailed  drainage 
about  the  foothills  of  the  Cerrillos  group,  which  latter  remained  por- 
jecting  several  hundred  feet  above  the  level  of  the  plain,  was  estab- 
lished. 

Now  the  conditions  changed.  From  one  in  which  erosion 
exceeded  the  supply  of  material,  there  was  a  change  to  a  condition 
in  which  the  supply  was  greatly  in  excess  of  the  ability  of  the 
stream  to  remove.  Torrential  mountain  floods  washed  great  sheets 
of  coarse  debris  out  over  the  plain,  and  down  into  the  terraced 
valley  of  the  stream,  giving  the  coarse  conglomerates  of  angular 
andesite  fragments  which  we  find  lying  directly  upon  the  rock 
floor  to-day.  These  alluvial  fans  gradually  buried  the  old  plain- 
like level,  the  valley  and  the  tributary  arroyos,  so  that  the  old 
river  bed  must  have  been  more  than  100  feet  below  the  level  of  the 
alluvial  plain  thus  formed. 

In  time  a  condition  of  equilibrium  was  reached,  then  passed,  and 
the  stream  began  to  remove  the  marls.     Sufficient  time  elapsed. 
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however,  for  these  marls  to  become  quite  compact  in  places  before 
the  valleys  were  again  revealed,  so  that  the  lime-cemented  con. 
glomerate  formed  resistant  beds  which  persist  to-day,  even  in  the 
beds  of  the  streams  as  well  as  projecting  ledges  high  up  on  the 
sides  of  arroyos  from  which  all  the  rest  of  the  Marls  have  been 
removed.     This  erosion  is  still  being  carried  on,  the  old  valleys 
being  revealed,  and  cut  still  deeper.     Near  Waldo  the  present 
stream  bed  is  several  feet  below  the  lowest  level  capped  by  the 
conglomerate,  while  toward  the  head  of  San  Marcos  Arroyo  the 
Marls  have  not  yet  been  cut  through  to  the  old  stream  bed. 

General  Geologic  History. 

As  shown  in  the  Sandia  and  other  mountain  ranges  in  this 
general  region,  the  lowest  beds  represented  are  Upper  Carbonif- 
erous limestones  and  sandstones  which  rest  directly  upon  a  floor 
of  granite  or  ancient  ( Algonkian  ?)  metamorphosed  sediments.  So 
far  as  the  evidence  shows,  there  is  no  stratigraphic  unconformity 
from  these  Upper  Carboniferous  beds  to  the  top  of  the  Cretaceous, 
although  such  unconformity  may  exist  and  not  be  apparent. 

Upon  a  floor  of  ancient  crystallines,  then,  Upper  Carboniferous 
limestones  and  sandstones  were  laid  down.  These  were  followed 
by  the  "  Red  Beds  "  of  Permo-Triassic  (?)  age,  consisting  largely 
of  massive  and  loose  red  sandstones,  variegated  marls  and  some 
beds  of  gypsum.  Next  came  the  sandstones  and  shales  of  Dakota  (?) 
and  Fort  Benton  Cretaceous  age. 

At  this  period  volcanic  activity  developed,  and  flows  of  mica 
andesite  were  poured  out  over  the  Fort  Benton  shales.  It  is  also 
possible  that  augite  and  hornblende  andesites  were  represented  in 
the  eastern  part  of  the  area,  in  more  massive  development,  as 
fragments  of  such  rocks  are  found  in  later  breccias. 

The  deposition  of  the  Cretaceous  sediments  contiaued  through- 
out the  Fort  Pierre  epoch,  shales  being  the  prevailing  deposit 
until  toward  the  end  of  the  Fort  Pierre,  when  massive  sandstone 
beds  were  laid  down.  At  the  beginning  of  the  Fox  Hills  epoch 
the  lignite  beds  of  the  Madrid  Group  were  formed.  Then  followed 
the  deposition  of  a  thousand  feet  or  more  of  yellow  massive  sands. 
These  were  followed  by  fifteen  hundred  feet  or  more  of  the  red 
sandstones  of  the  Galisteo  Group.  The  land  area  was  not  far  dis- 
tant,  and  many  tree  trunks  and  branches  were  washed  out  over 
the  sands  and  buried. 
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Along  this  shore  line  a  violently  explosive  volcano  now  became 
active,  and  the  showers  of  rock,  sand  and  ash  which  fell  in  the  shal- 
low water  near  the  land  were  sorted  by  waves  or  currents,  and  so 
formed  fairly  well  stratified  deposits.  The  volcano  blew  out  frag- 
ments of  the  old  crystallines  far  below,  as  well  as  large  and  small 
masses  of  andesite  from  some  old  flow  or  intrusive.  The  activity 
ceased  from  to  time,  and  lenses  of  the  red  sandstone  formed  before 
the  next  outburst.  Finally  the  volcano  became  extinct,  and  more 
or  less  of  the  red  sandstones  formed  above  the  volcanic  breccias. 

Now  came  the  great  Sandia  uplift,  tilting  all  of  the  beds  to  the 
east,  and  producing  great  north-and-south  fractures  and  faults. 
Along  one  such  line  of  weakness  andesitic  lavas  rose  to  the  level 
of  the  Cretaceous  beds,  and  then  spread  laterally  to  form  several 
groups  of  laccoliths,  the  most  northern  of  which  was  the  Cerrillos 
intrusion.*  There  were  at  least  two  or  three  stages  of  this  in- 
trusion, the  earlier  hornblende  andesite  of  the  Cerrillos  Hills,  for 
instance,  having  time  to  congeal  before  the  augitic  rocks  were  in- 
truded. Intrusive  sheets  were  formed  contemporaneously  with  the 
laccoliths,  and  some  of  these  sheets  having  their  origin  in  the 
Ortiz  intrusion  farther  south,  spread  out  into  the  lower  beds  of 
the  Madrid  Group,  several  of  them  between  the  various  beds  of 
lignite. 

The  heat  from  the  intrusive  lavas  spread  through  the  associated 
sediments,  producing  profound  metamorphism  in .  places,  and 
necessarily  effecting  a  rearrangement  due  to  expansion.  The  lig- 
nites of  the  Madrid  area  were  gradually  transformed  to  bituminous 
coal  wherever  the  intrusive  sheets  were  only  separated  from  them 
by  a  hundred  feet  or  so  of  shales.  Where  the  sheets  were  nearer 
the  lignite  was  transformed  completely  to  anthracite,  while  in  cases 
where  the  lignite  was  a  considerable  distance  from  the  intrusive  it 
remained  unaltered.  Some  of  these  sheets  cut  through  the  lignite 
in  passing  from  one  horizon  to  another,  and  near  the  direct  contact 
the  carbonaceous  bed  was  burned  to  a  natural  coke. 

In  course  of  time  the  intrusive  and  the  surrounding  sediments 
began  to  lose  their  heat,  and  contraction  took  place.     As  a  result 


*  My  reasons  for  regarding  the  Sandia  uplift  as  prior  to  the  Cerrillos  intrusion  are 
based  mainly  on  the  theoretical  considerations  brought  out  in  the  text.  There  seems  to 
be  corroborative  evidence  in  the  asymmetrical  laccoliths,  which  cut  lower  formations  to 
the  west  than  to  the  east,  and  in  the  vertical  position  of  the  radial  dykes.  I  know  of 
no  absolute  proof  as  to  which  was  first. 
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of  this  contraction  more  or  less  radial  cracks  were  formed.  Into 
these  the  molten  magma  was  intruded  from  below,  giving  a  beauti- 
ful series  of  radial  dykes. 

Meanwhile  the  erosive  agencies  far  above  were  actively  remov- 
ing the  overlying  beds.  Throughout  the  whole  of  the  early  Ter- 
tiary and  probably  up  to  the  beginning  of  the  Loup  Fork  period, 
this  erosion  continued.  At  last  the  laccoliths  and  their  associated 
dykes  were  laid  bare,  maturely  dissected,  and  the  whole  of  the  sur- 
rounding country  reduced  to  a  nearly  level  rock  floor.  Sheet-flood 
erosion  was  doubtless  an  important  factor  in  this  process  of 
"  planation."  At  this  period  a  stream  probably  occupied  a  slight 
east-and-west  depression  between  the  Ortiz  and  Cerrillos  Groups, 
being  nearer  to  the  smaller,  or  Cerrillos,  Group.  Remnants  of  the 
more  or  less  annular  drainage  from  the  laccoliths  doubtless  per- 
sisted also. 

Then  came  an  elevation  which  permitted  the  east-and-west 
stream  to  cut  a  valley  75  or  100  feet  deep  in  the  old  rock  floor. 
Lateral  corrosion  widened  this  valley  to  a  considerable  extent 
when  a  second  elevation  allowed  the  .stream  to  cut  a  second  valley 
in  the  older  valley  floor.  In  this  way  two  distinct  terraces  of  solid 
rock  were  formed. 

Great  mountain  torrents  washed  vast  quantities  of  coarse,  angu- 
lar debris  out  over  the  surrounding  country.  The  result  was  the 
formation  of  a  conglomerate  of  angular  fragments  of  the  andesite, 
cemented  by  a  calcareous  cement,  over  nearly  the  entire  area,  rela- 
tively few  places  being  left  bare  to  be  covered  by  the  finer  ma- 
terials. As  this  conglomerate  is  found  covering  both  series  of 
terraces,  and  even  the  old  beds  of  the  streams,  it  is  evident  that 
the  debris  was  able  to  fill  up  the  old  drainage  valleys  at  once- 
Remnants  of  the  conglomerate  high  up  on  the  valley  sides,  and  in 
the  neighboring  arroyos,  show  that  the  bottom  of  the  lower  valley 
of  the  main  stream  must  have  been  buried  under  more  than  100 
feet  of  this  debris. 

The  accumulation  of  this  debris  in  the  form  of  great  alluvial  fans 
continued,  finer  marls  and  sands  soon  predominating  in  the  more 
distant  portions  of  the  fans,  but  frequently  alternating  with  coarser, 
and  even  conglomeritic  layers.  By  the  lateral  and  distal  conflu- 
ence of  these  fans  from  the  same  and  neighboring  mountains,  a 
great  alluvial  plain  of  the  Santa  F6  Marls  was  formed,  sloping 
gradually  from  the  mountains  in  all  directions. 
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At  this  time  occurred  the  extrusion  of  the  basalt  northwest  of 
the  hills.  The  liquid  lava  flowed  out  over  the  marls  from  the  low 
crater  (Plate  H)  which  still  remains,  in  part.  It  is  possible  that  this 
eruption  developed  the  stresses  which  caused  faulting  of  the  ande- 
sitic  dykes,  which  is  quite  noticeable  over  the  whole  area.  Or 
both  the  faulting  and  the  eruption  may  have  resulted  in  part,  at 
least,  from  the  continued  activity  of  the  Sandia  uplift.  The  latter 
would  seem  most  probably  the  cause  of  the  extensive  shearing 
throughout  the  Hills,  along  lines  striking  a  little  east  of  north  (see 
Plate  P).  More  or  less  mineralization  of  these  sheared  zones  oc- 
curred, and  some  true  fissure  veins  were  formed.  Some  of  the 
sheared  areas  were  profoundly  altered,  and  turquoise  formed 
among  other  secondary  products.  The  heat  from  the  eruption 
effected  more  or  less  expansion  and  rearrangement  in  the  under- 
lying beds.  As  this  heat  was  lost,  contraction  produced  radial 
cracks,  which  were  then  filled  with  an  ultra-basic  type  of  the  basalt, 
giving  basic  radial  dykes. 

In  the  meantime  the  deposition  of  the  Santa  F6  Marls  continued, 
and  a  part  of  the  eastern  edge  of  the  basalt  flow  was  buried  under 
a  thin  cover  of  these  deposits.  Finally  a  condition  of  equilibrium 
was  reached  and  then  passed,  when  erosion  began  to  exceed  de- 
position of  these  fans.  The  main  stream  (Galisteo  Creek)  and  its 
tributary  arroyos  soon  revealed  the  old  valleys,  removing  the 
looser  marls,  but  leaving  the  resistant  conglomerate,  capping 
the  series  of  terraces,  and  in  places  covering  the  stream  beds. 
This  activity  worked  headward  along  the  streams,  so  that  the 
marls  are  less  completely  removed  toward  the  head  of  the  Gal- 
isteo and  the  larger  arroyos,  while  farther  west  the  creek  has  cut 
several  feet  below  the  bottom  of  the  old  buried  valley,  and  removed 
great  quantities  of  the  marls  and  soft  Cretaceous  shales.  This  ero- 
sion is  still  in  progress,  working  toward  a  reestablishment  .of  the 
conditions  which  existed  prior  to  the  deposition  of  the  Santa  F6 
Marls. 

ECONOMIC   GEOLOGY. 

Coal. 

From  the  economic  standpoint,  the  most  important  product  of 
the  Cerrillos  region  is  the  coal  of  the  Madrid  field.  The  mines 
were  operated  in  a  small  way  for  a  number  of  years  before  the  in- 
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dustry  was  put  upon  a  firm  basis  in  1891.  Since  that  time  the 
anthracite  and  bituminous  coal  of  this  region  have  played  an  im- 
portant part  in  southwestern  markets,  first  under  the  control  of  the 
Atchison,  Topeka  and  Santa  F6  Railroad  Company,  and  since 
1899  under  that  of  the  Colorado  Fuel  and  Iron  Company. 

At  present  three  of  the  mines  are  being  worked,  on  as  many 
different  seams.  They  are  known  as  the  Cerrillos  Bituminous  No. 
27  (formerly  Cook  and  White),  the  Cerrillos  Anthracite  A  No.  28 
(formerly  Lucas),  and  the  Cerrillos  Anthracite  B  No.  33  (recently 
opened).  The  first  of  these  mines  is  located  at  the  town  of  Madrid, 
on  a  seam  three  and  a  half  feet  in  thickness,  and  is  opened  k^y 
triple  slopes  driven  downwa-d  along  the  easterly  dip  of  15  degrees, 
to  a  depth  of  2,930  feet.  An  excellent  quality  of  bituminous  coal  is 
produced.  The  Cerrillos  Anthracite  A  No.  28  is  located  near  the 
former,  but  on  a  seam  some  200  feet  higher.  This  seam  is  three 
feet  thick,  dips  15°  east,  and  is  opened  by  a  slope  2,600  feet  in 
depth.  The  best  of  true  anthracite  coal  is  produced.  Just  above 
this  seam,  and  separated  from  it  by  only  a  few  feet  of  sandstone, 
is  one  of  the  sills  of  andesite  130-160  feet  thick.  Above  this 
easterly  dipping  sill,  and  separated  from  it  by  a  thin  stratum  of 
sandstone,  but  half  a  mile  east  of  Madrid  and  consequently  at  a 
lower  altitude  than  the  former  mine,  is  a  four-foot  seam  of  good 
anthracite  in  which  the  Anthracite  B  No.  33  mine  has  been  re- 
cently opened. 

The  total  Output  of  these  mines,  as  given  by  the  mine  inspector, 
for  the  fiscal  year  ending  June  30,  i9or,  was:  bituminous  coal, 
75,295  tons;  anthracite,  41,264  tons.  The  anthracite  coal  from 
both  mines  is  screened  and  sorted  in  a  large  breaker  near  the 
northern  end  of  the  village.  At  Waldo  are  fifty  bee-hive  coke 
ovens  where  a  portion  of  the  product  of  the  mines  is  reduced  to  coke. 

The. anthracite  coal  of  this  region  has  proven  of  special  interest 
to  the  geologist,  since  in  places  it  occurs  in  the  same  bed  with  bi- 
tuminous coal,  and  was  evidently  produced  by  the  metamorphic 
action  of  the  intrusive.  Associated  with  the  coal  are  the  intrusive 
sheets,  or  sills,  already  referred  to,  several  of  the  radial  dykes  from 
the  Ortiz  and  Cerrillos  intrusive  centers,  while  two  or  three  miles 
farther  south  is  the  main  mass  of  the  Ortiz  Mountains.  Several 
theories  have  been  advanced  as  to  which  of  these  three  forms  of 
eruptive  was  the  active  agent  in  eflTecting  the  transformation  to 
anthracite.     By  a  few  the  radial  dykes  which  cut  the  coal,  espe- 
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cially  the  big  Madrid  dyke  which  must  have  passed  just  along  the 
present  face  of  the  main  escarpment  into  which  the  mines  were 
opened,  have  been  regarded  the  true  causes  of  the  change.  By 
most  geologists  the  great  sills  which  were  intruded  in  the  beds 
above  and  below  the  coal  have  been  regarded  as  the  efficient 
agents.     This  is  the  view  which  my  own  observation  led  me  to 


From  Camf  and  Plant. 
Fia   13.     Anthracite  Breaker,  Madrid. 

adopt,  and  which  is  supported  below.  At  first  thought  it  might 
appear  of  value  to  give  in  detail  the  published  opiniqns  of  those 
geologists  who  support  this  theory.  So  far  as  I  am  able  to  learn, 
however,  their  conclusions  were  based  on  no  close  study  of  the 
conditions,  and  so  must  be  regarded  rather  in  the  light  of  sugges- 
tions. It  may  be  said  that  the  mine  workers  themselves  belie%"e 
in  these  sills  as  the  sole  agents  in  the  transformation,  and  claim 
they  can  always  foretell  the  close  approach  of  the  sheet  by  the 
variations  in  the  coal. 

Far  more  weight,  however,  must  be  given  to  the  conclusions  of 
Professor  John  J.  Stevenson,  who  considers  the  main  mass  of  the 
Ortiz  intrusion  farther  south  as  the  only  effective  agent  in  produc- 
ing the  transformation.  So  far  as  I  am  aware  Professor  Stevenson 
is  the  only  one  who  has  given  any  detailed  study  to  this  special 
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problem,  and  his  excellent  work,  although  necessarily  limited  to 
but  a  few  days,  can  only  command  the  most  thoughtful  considera- 
tion. In  presenting  my  own  views  I  shall  accept  Professor  Steven- 
son's observations  of  phenomena  as  unquestionably  correct,  but 
endeavor  to  show  how  they  will  bear  another  interpretation,  more 
in  accord  with  certain  theoretical  considerations  and  some  addi- 
tional  facts  brought  forward. 

The  main  facts  set  forth  in  Professor  Stevenson's  discussion  are 
as  follows: 

{a)  In  the  upper  one  of  the  two  main  workable  seams,  known 
as  the  Lucas  bed  (same  as  White  Ash  bed),  the  coal  toward  the 
south,  nearer  the  intrusive  mass  of  the  Ortiz  Mountains,  is  all  an- 
thracite ;  at  the  extreme  north  of  the  workable  area,  farthest  away 
from  the  intrusive  mass,  the  coal  in  this  same  bed  is  largely  bitu- 
minous ;  between  the  anthracite  and  bituminous  is  a  broad  area 
(3,000  feet  along  Coal  Gulch)  largely  of  soft,  friable,  **  tender"  coal 
which  is  unmarketable,  but  with  some  good  anthracite  in  places. 

[b)  In  the  lower  of  these  two  main  seams,  known  as  the  Cook 
and  white  bed,  the  coal  farthest  south,  as  indicated  by  fragments 
on  dumps  of  old  openings,  is  anthracite;  the  coal  as  found  in  the 
opening  at  the  southern  end  of  the  village,  directly  under  the  '•  ten- 
der "  coal  of  the  seam  above  (which  contains  some  anthracite  even 
farther  north)  is  a  somewhat  tender  bituminous  coal;  the  coal 
farther  north  was  not  well  exposed,  and  no  analyses  were  available. 

{c)  In  the  thin  seams  between  the  above  two  main  beds,  the  coal 
farthest  south,  even  two  miles  or  more  above  the  Lucas  (anthra- 
cite) mine,  is  bituminous  and  shows  no  evidence  of  change. 

(d)  A  drill  hole  west  of  Coal  Gulch  shows  bituminous  coal  eight 
or  ten  feet  above  a  sill  200  feet  thick.  The  coal  was  not  appre- 
ciably changed. 

(e)  The  interval  between  the  Lucas  (White  Ash)  bed  and  the 
sill  above  it  shows  no  great  variations  along  the  mesa  front  in  Coal 
Gulch;  **yet  in  the  Lucas  mine  and  all  points  examined  south 
from  it  the  coal  is  anthracite,  whereas  at  all  points  north  from  it  to 
the  border  of  the  eruptive  rock  one  finds  only  transition  coal." 

(/)  The  coal  was  crushed  into  fragments,  slickensided,  and  lami- 
nated. 

Upon  the  above  facts  Professor  Stevenson  based  the  following 
conclusions : 

"  Mere  proximity  to  a  mass  of  eruptive  rock  is  insufficient  to 
produce  any  material  change  in  the  coal." 
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"Direct  contact  appears  essential  to  change." 

"  The  coal  was  changed  into  anthracite  solely  by  contact  of  the 
beds  with  the  enormous  mass  of  eruptives  "  (two  or  three  miles  to 
the  south). 

"  The  coal  was  completely  formed  when  the  disturbance  took 
place." 

The  facts  above  noted,  upon  which  these  conclusions  are  based, 
I  accept  without  question.  It  does  not  appear  to  me,  however, 
that  the  conclusions  given  necessarily  follow.  For  instance,  grant- 
ing for  the  moment  that  the  intrusive  sheets,  or  sills,  were  the 
active  agents,  then : 

{a  and  b,  see  above)  If  the  intrusive  sheets  above  and  below  the 
coal  seams  were  very  thick  nearest  the  main  mountain  mass,  but 
thin  out  and  disappear  to  the  north,  or  if  they  were  nearer  the  coal 
at  the  south  than  at  the  north  then  we  could  conceive  that  the  beds 
might  be  of  anthracite  toward  the  south,  nearer  the  mountains,  but 
bituminous  farther  north  where  the  sheets  were  thinner  and  had  less 
heat  to  yield  for  the  metamorphic  action,  or  where  the  sheets  were 
farther  away  from  the  coal. 

{c)  The  thin  seams  between  the  two  main  beds  would  then  most 
naturally  be  of  bituminous  coal  even  far  to  the  south,  if  not  near 
such  an  intrusive  sheet. 

{d)  It  is  conceivable  that  local  cases  of  abnormally  slight  meta- 
morphism  might  occur,  in  which  lignite  quite  near  an  intrusive 
sheet  would  only  be  changed  to  bituminous  instead  of  anthracite 
coal.  Cases  of  such  unequally  distributed  metamorphic  action  are 
so  abundant  in  the  literature  of  metamorphism  as  to  need  no  de- 
tailed comment. 

\e)  As  noted  above  {a  and  b)y  the  occurrence  of  anthracite  to  the 
south  and  transition  coal  to  the  north,  might  be  possible  if  the 
sheet  thins  out  toward  the  north,  regardless  of  minor  variations  in 
the  distance  of  this  sheet  from  the  coal ;  while  the  fact  that  '•  at  all 
points  north  from  it  (Lucas  mine)  to  the  border  of  the  eruptive 
rock  one  finds  only  transition  coal,"  whereas  beyond  the  border  of 
the  eruptive  we  pass  into  bituminous  coal,  is  exactly  what  we 
should  expect  on  the  basis  of  our  assumption. 

(/)  If  lignite  were  transformed  by  such  sheets  into  bituminous 
coal  and  anthracite  and  then  a  later  movement  due  to  contraction, 
the  intrusion  of  dykes  or  some  other  disturbance  were  to  take 
place,  we  could  get  the  crushing  into  fragments,  slickensiding  and 
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lamination,  even  though  the  coal  was  not  completely  formed  when 
the  first  intrusion  took  place.  ^ 

It  is  evident,  then,  that  there  is  a  possibility  of  placing  an  en- 
tirely different  interpretation  upon  the  facts  noted  by  Professor 
Stevenson^  provided  that  certain  geological  conditions  are  found  in 
the  area  in  question.  As  will  appear,  such  conditions  are  found  in 
the  Cerrillos  region ;  and  they,  in  the  light  of  several  theoretical 
considerations  and  a  number  of  facts  to  be  noted,  afford  strong 
evidence  in  favor  of  the  following  conclusions  : 

The  coal  was  probably  in  the  form  of  lignite  before  the  intrusion 
occurred. 

This  lignite  was  changed  to  bituminous  and  anthracite  coal  by 
the  metamorphic  action  of  the  intrusive  sheets  or  sills. 

Mere  proximity  to  these  sills  was  sufficient  to  produce  these 
changes. 

Direct  contact  destroyed  both  the  bituminous  and  anthracite 
coal  without  the  production  of  anthracite  from  the  former. 

First,  with  regard  to  the  geological  conditions  as  found  in  the 
area: 

The  intruded  sheets  or  sills  are  thicker  toward  the  south,  nearer 
the  main  eruptive  mass.  With  an  understanding  of  the  laccolithic 
nature  of  the  main  intrusion,  we  would  naturally  expect  these  sills 
to  grow  progressively  thinner  as  they  pass  farther  and  farther  away 
from  the  parent  mass.  This  is  not  always  the  case,  local  thicken, 
ings  sometimes  occurring;  but  as  a  rule  it  is  true.  The  case  in 
point,  however,  is  no  exception  to  the  rule.  Professor  Stevenson 
has  already  referred  to  this  thinning  out  of  each  of  the  two  main 
sills  toward  the  extreme  north.  (C.  C.  F.,  pp.  109,  115,  121.)* 
This  northward  thinning  is  equally  marked  farther  south.  A  re- 
cent drill  hole  southeast  of  the  town  struck  this  second  sill  at  the 
proper  depth ;  after  cutting  into  the  sill  for  several  hundred  feet 
the  hole  was  abandoned.  Farther  northwest,  the  thickness,  as 
exposed  a  little  north  of  the  line  of  the  Madrid  section  (Fig.  5), 
was  seen  to  be  over  250  feet.  Northeast  of  here,  on  the  mesa, 
Professor  Stevenson  noted  (C.  C.  F.,  p.  108)  that  the  thickness,  as 
shown  by  a  drill  hole,  was  only  200  feet.  Its  continued  thinning 
out  and  disappearance  to  the  north  he  referred  to  elsewhere,  as 
noted  above.     This  variation  in  the  thickness  of  the  upper  sill  is 

*  This  and  the  following  similar  references,  refer  to  the  pages  of  Professor  Steven- 
son's paper  on  the  *'  Cerrillos  Coal  Field,"  Trans.  N.  Y.  Aaid,  Sn,^  1896. 
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less  easily  seen,  owing  to  its  having  been  subjected  to  long-con- 
tinued erosion,  but  enough  evidence  remains  to  leave  no  doubt  of 
its  greater  thickness  to  the  south  than  to  the  north.  The  north- 
ward thinning  has  already  been  noted  in  the  references  to  Professor 
Stevenson's  paper. 

Shearing  and  crushing  subsequent  to  the  intrusion  of  the  sills 
has  occurred.  It  has  already  been  pointed  out,  in  connection  with 
the  origin  of  the  radial  dykes  found  so  beautifully  developed  about 
the  Cerrillos  and  Ortiz  laccoliths,  that  they  probably  represent  a 
later  intrusion  than  the  laccoliths  and  sills.  In  any  event,  the  evi- 
dence of  profound  shearing  subsequent  to  the  intrusion  of  these 
sills  is  abundant,  and  even  the  later  dykes  are  badly  faulted,  what- 
ever the  cause  may  have  been.  Both  laccoliths  and  sills  are  sheared 
and  profoundly  altered  in  places,  and  many  faults  occur. 

It  is  evident,  then,  that  we  have  in  the  Cerrillos  region  all  of  the 
conditions  necessary  to  an  explanation  of  the  facts  noted  by  Pro- 
fessor Stevenson  on  the  basis  of  the  theory  here  supported.  So 
far  as  the  phenomena  observed  by  Professor  Stevenson  are  con- 
cerned (with  the  exception  of  a  few  points,  hereafter  noted,  which 
tend  to  contradict  his  theory)  they  are  exactly  what  we  must  ex- 
pect, whether  they  are  the  result  of  heat  advancing  northward  from 
the  main  great  igneous  mass  and  crushing  produced  contempo- 
raneously, or  the  result  of  heat  radiating  outward  from  northerly 
thinning  sills  and  crushing  produced  subsequently.  The  question 
which  now  confronts  us  is  this :  Is  there  any  additional  evidence 
that  will  indicate  which  one  of  these  two  theories  is  correct  ? 

Professor  Stevenson  records  no  fact  in  [his  discussion  which  is 
not  readily  explained  as  a  natural  result  of  metamorphism  by 
northerly  thinning  intrusive  sheets.  The  finding  of  practically 
.unchanged  bituminous  coal  only  8  or  10  feet  above  a  sill  2CX>  feet 
in  thickness  is  considered  evidence  that  direct  contact  is  essential 
to  change ;  but  the  question  as  to  whether  or  not  direct  contact  is 
essential  is  a  minor  one,  and  will  be  considered  in  subsequent 
pages.  The  main  issue  is  with  regard  to  the  transforming  agent 
itself —  just  how  it  is  effective  is  an  important  but  subsidiary 
consideration,  and  will  be  treated  in  its  proper  place.  Professor 
Stevenson  does  record  a  few  points,  however,  which  seem  to  me 
to  offer  strong  evidence  in  favor  of  the  sill  theory,  and  these  will 
be  taken  up  in  detail  below.  In  addition  to  the  facts  which  offer 
no  determinative  evidence  either  way,  and  the  few  points  just  re- 
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ferred  to  which  seem  to  me  to  favor  the  sill  theory,  there  are  several 
theoretical  considerations,  and  a  number  of  additional  facts  of  field 
evidence,  which  seem  to  point  strongly  to  the  intrusive  sheets 
or  sills  as  the  active  metamorphic  agent  —  or,  in  other  words,  that 
the  heat  which  transformed  the  coal  came  downward  and  upward 
from  the  overlying  and  underlying  sills,  rather  than  horizontally 
along  the  coal  bed  itself. 

As  the  least  important  among  these  considerations  may  be  men- 
tioned the  fact  that  it  is  not  shown  that  the  coal  was  ever  cut  by 
the  main  mass  of  the  intrusion  to  the  south.  Professor  Stevenson 
has  assumed  throughout  that  the  great  igneous  mass  of  the  Ortiz 
Mountains  did  cut  the  coal  beds.  It  does  not  seem  to  me  that  this 
is  necessarily  the  case,  however.  Since  the  intrusive  is  probably 
in  the  nature  of  a  great  laccolithic  mass,  it  is  quite  possible  that 
the  coal  beds  were  arched  up  over  the  laccolith  which  was  intruded 
at  a  lower  horizon.  According  to  Jaggar  the  sills  are  most  fre- 
quently fed  by  limited  conduits  from  the  main  laccolith,  such  as 
dykes,  so  that  the  coal  strata  need  only  have  been  cut  by  some 
such  limited  form  of  the  intrusive.  Hence  we  may  entertain  some 
doubt  as  to  whether  the  efficient  cause,  assumed  by  Professor 
Stevenson,  ever  existed. 

But  if  we  were  to  grant  that  the  assumption  were  correct,  and 
that  the  enormous  mass  of  eruptives  did  cut  the  coal  directly,  it 
still  seems  difficult  to  conceive  that  the  heat  traveling  through 
the  coal  bed  itself  for  two  or  three  miles  would  have  a  profound 
effect,  while  that  coming  from  an  intrusive  sill  several  hundred  feet 
thick,  and  only  a  few  feet  distant  would  have  no  effect. 

It  is  well  known  that  coal  is  an  exceedingly  poor  conductor  of 
heat,  much  poorer  than  sandstones  and  shales,  which  lie  between 
the  coal  and  the  intrusive  sheets.  Some  idea  of  the  relative  con- 
ductivity of  several  of  the  beds  in  question  may  be  gained  from 
the  following  table  of  thermal  conductivities  of  certain  rocks  as  de- 
termined by  Professors  Herschel  and  Lebour,  and  Mr.  J.  F.  Dunn, 
the  conductivities  being  expressed  in  C.G.S.  units :  * 

Sandstone,  .OOS45-.O0565 

Slate,  along  cleavage,  .00S50-.006SO 

Slate,  across  cleavage,  .003 15 -.00360 

Tough  clay  (sun  dried),  .00223 


*  C.G.S.  System  of  Units,  J.  D.  Everett,  London,  1891 ;  pp.  125-127. 
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Tough  clay  (moist),  .00310 

Coal,  .00057-.001 1 3 

Professors  Ayrton  and  Perry  found  the  conductivity  of 
Porphyritic  trachyte,  -0059 

It  readily  appears  that  the  coal  having  the  highest  grade  of  con- 
ductivity is  only  about  one  fifth  as  good  a  conductor  as  ordinary 
dry  sandstone,  or  as  an  igneous  rock  similar  to  that  in  the  Cerrillos 
district.  This  being  the  case,  and  assuming  that  this  series  of 
beds  is  cut  by  the  great  intrusive  mass  to  the  south,  it  is  interest- 
ing to  determine  how  much  of  the  heat  concerned  in  the  trans- 
formation of  the  coal  at  a  given  point  would  reach  that  point 
through  the  coal  itself,  and  how  much  would  reach  it  through 
better  conductors  such  as  the  intrusive  sheet.* 

According  to  a  well-known  thermal  law,  the  amount  of  heat 
that  will  reach  a  given  point  is  equal  to  the  difference  in  tempera- 
ture between  that  point  and  the  source  of  the  heat,  multiplied  by 
the  cross- section  of  the  body  through  which  it  passes,  multiplied 
by  the  conductivity  of  that  body,  divided  by  the  distance  it  has  to 
travel.     This  may  be  expressed  in  the  following  formula: 

{T-t)sc 
h -^  -. 

in  which  h  =»  the  amount  of  heat  that  reaches  the  given  point, 
2"=  the  temperature  of  the  source  of  heat,  /=  the  temperature 
of  the  given  point,  j=  the  cross-section  of  the  body  through 
which  the  heat  travels,  c  =  the  conductivity  of  that  body,  and  ^/  = 
the  distance  the  heat  travels  in  reaching  the  given  point. 

Applying  this  law  to  the  case  under  discussion,  we  have  the 
intrusive  mass  of  the  Ortiz  Mountains  as  the  source  of  heat,  while 
any  portion  of  the  anthracite  bed  will  be  the  given  point.  We 
are  to  consider  whether  more  heat  will  reach  this  given  point 
through  the  coal  itself  or  through  the  overlying  intrusive  sheet 
and  the  intervening  sandstone  and  shales.  For  the  moment  we 
will  neglect  the  additional  heat  of  the  sill  itself,  and  see  what  the 
result  would  be  if  it  were  only  the  same  temperature  as  the  coal. 
As  shown  by  Professor  Stevenson,  and  noted  by  myself,  good 

*  I  submitted  this  problem  to  Professor  Wm.  Hallock,  of  Columbia  University,  and 
for  his  criticism  and  suggestions  concerning  the  points  noted  below  my  acknowledg- 
ments are  due. 
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anthracite  is  found  at  least  two  or  three  miles  away  from   the 
intrusive  mass  of  the  Ortiz.     Let  us  then  assume  the  smaller 
number,  two  miles,  as  the  distance,  along  the  coal  bed  from  the 
source  of  heat.     The  distance  along  the  intrusive  sheet  and  then 
down  to  the  coal,  would  be  this  two  miles  plus  the  twenty-five  to 
fifty  feet  of  intervening  sandstone  and  shales.     In  a  distance  of 
over  10,500  feet,  twenty-five  or  fifty  feet  is  a  negligible  quantity 
and  may  be  dropped  out,  especially  since  the  conductivity  of  the 
sandstone  does  not  differ  greatly  from  that  of  the  sill,  and  since  in 
some  places  the  sill  is  only  ten  feet  from  the  anthracite.     In  so  short 
a  distance  the  difference  in  conductivity  across  and  along  beddings 
would  also  be  so  small,  relatively,  as  to  be  negligible.     As  the  given 
point  and  the  source  of  heat  are  the  same  in  both  cases,  the  dif- 
ference in  temperature  (7'—  t)  will  be  the  same  in  both  cases,  and 
may  be  stated  as  n  degrees.     The  sill  varies  from  at  least  100  to 
150  feet  in  thickness  in  the  region  in  question,  while  the  coal  aver- 
ages about  three  feet,  the  highest  record  being  given  as  seven  feet. 
If  we  take  the  lowest  estimate  for  the  sill,  and  the  very  highest 
estimate  for  the  coal,  then  over  any  given  area  the  sill  will  have  a 
cross-section  over  fourteen  times  as  great  as  that  of  the  coal; 
whence  j  =  i  in  the  case  of  the  coal,  and  j  =  14  in  the  case  of  the 
sill.     Taking  the  highest  figures  given  for  the  conductivity  of  coal, 
we  have  c=  .00113  in  the  case  of  the  coal,  and  ^=  .0059  in  the 
case  of  the  sill.     Substituting  these  values  in  the  above  formula, 
we  have 

«  X  I  X  .00113 
h  = =  .ooo56s« 

as  the  amount  of  heat  reaching  the  given  point  through  the  coal 

itself,  and 

n  X  14  X  .0059 
A  = -=  .04i3« 

as  the  amount  of  heat  reaching  the  given  point  through  the 
intrusive  sheet.  In  other  words  over  73  times  as  much  heat  would 
reach  the  given  point  in  the  coal  seam  by  coming  through  the 
intrusive  sheet  as  would  reach  the  same  point  through  the  coal 
itself. 

This  estimate  is  based  on  the  worst  possible  conditions  for  the 
transmission  of  heat  through  the  sill,  and  the  best  possible  condi- 
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tions  of  transmission  through  the  coal.  A  similar  calculation,  as- 
suming average  thicknesses  of  beds,  conductivities,  etc.,  gives  a 
result  of  over  300  times  as  much  heat  coming  to  a  given  point 
thi'ough  the  sill  as  through  the  coal  itself,  The  latter  estimate  is 
probably  much  nearer  the  truth  than  the  former. 

The  above  must  be  considered  as  only  a  rude  approximation,  so 
far  as  actual  figures  are  concerned.  But  while  the  real  conditions 
are  far  less  simple  than  assumed  above,  owing  to  conductivity  of 
heat  by  way  of  intervening  sandstones,  etc.,  the  essential  truth  is 
clearly  shown.  Even  had  the  sills  no  heat  of  their  own,  they 
would  convey  to  the  coal,  as  intermediate  agents,  vastly  more  heat 
that  it  would  be  possible  for  the  coal  itself  to  transmit.  It  may  be 
doubted  if  the  sills  would  conduct  enough  heat  for  two  or  three 
miles  to  efTect  the  transformation  to  anthracite.  Then,  in  the 
terms  of  our  most  conservative  figures,  it  is  seventy-three  times  as 
doubtful  that  the  coal  itself  could  transmit  sufficient  heat  to  ac- 
complish the  change. 

The  presence  of  water  (conductivity  =  .00136)  in  the  coal  might 
increase  its  conductivity  to  some  extent,  but  even  if  we  were  to 
suppose  an  improbable  amount  of  moisture  the  increase  would  not 
be  enough  materially  to  affect  the  above  figures.  And  at  the  same 
time  the  presence  of  water  in  the  neighboring  beds  would  cor- 
respondingly increase  their  conductivity. 

So  far  we  have  ignored  the  actual  heat  of  the  sills  themselves. 
If,  now,  we  consider  the  initial  heat  of  the  intrusive  sheets,  some- 
times over  300  feet  in  thickness  in  the  Madrid  area,  we  have  a 
most  reasonable  explanation  of  the  source  of  the  transforming 
energy.  The  heat  would  readily  spread  through  the  thin  beds  of 
sandstone  and  clay  shale,  which  are  fairly  good  conductors,  to  the 
coal  only  a  few  feet  distant.  The  rise  in  temperature,  the  resulting 
increased  chemical  activity  and  the  possible  influence  of  hot  water 
and  vapors,  are  all  factors  to  be  considered  in  connection  with 
the  change. 

There  are  a  number  of  facts  which  confirm  the  theoretical  con- 
clusions deduced.  As  shown  in  the  Madrid  section  (Fig.  5).  the 
upper  large  seam  of  coal  is  only  a  few  feet  from  the  sill  above  it. 
This  coal  is  good  anthracite.  The  lower  seam  is  several  times  as 
far  away  from  the  sill  nearest  it,  the  one  immediately  below.  This 
coal  is  bituminous.  Midway  between  the  two  sills  and  so  quite  a 
distance  from  the  intrusive,  is  a  bed  of  shale  with  considerable  un- 
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changed  brown  lignite.  It  is  difficult  to  account  for  this  condition 
upon  any  other  hypothesis  than  the  one  now  supported,  that  the 
sills  were  the  active  transforming  agents.  Believing  this  to  be  the 
case,  we  can  readily  understand  how  the  heated  lava,  intruded  as 
sills  between  a  series  of  lignite  beds,  would  produce  the  greatest 
change  on  the  nearest  beds  making  anthracite,  affect  those  beds 
farther  removed  less  profoundly  giving  bituminous  coal,  while  the 
beds  still  more  remote  would  remain  as  unchanged  lignite. 
•  It  is  interesting  to  compare  the  analyses  of  the  coal  and  lignite 
from  the  above  three  seams.  In  the  table  given  below  the 
analyses,  for  which  I  am  indebted  to  Mr.  C.  H.  Decker  of  the 
Columbia  School  of  Mines,  have  been  recalculated  on  an  ash-free 
basis,  in  order  to  afford  a  better  means  of  comparison  with  the  lig- 
nite in  the  lignitic  shales.  For  while  the  brown  lignite  is  well 
shown,  and  preserves  the  woody  structure  with  great  fidelity,  it 
only  constitutes  about  22  per  cent,  of  the  samples  secured.  This 
does  not  affect  the  significance  of  the  occurrence,  since  the  pres- 
ence of  the  foreign  material  would  increase  the  conductivity  of 
the  beds,  and  facilitate  the  alteration  of  the  lignite  contained  in 
them.  In  fact,  similar  beds  near  the  upper  intrusive  sheet  have 
been  so  altered,  producing  a  peculiar,  soft,  black  sandy  rock.  The 
anthracite  and  bituminous  coal  contained  7.70  per  cent,  and  5.04 
per  cent,  of  ash  respectively.  No.  I  is  the  recalculated  analysis  of 
the  lignite  in  the  lignitic  shales  from  an  exposure  near  the  Madrid 
breaker,  1 34  feet  or  more  from  nearest  intrusive  sheet ;  No.  2  that 
of  the  bituminous  coal,  an  average  sample  taken  from  carload  just 
removed  from  bituminous  mine  near  same  point,  100  feet  from 
nearest  intrusive  sheet ;  and  No.  3  that  of  the  anthracite,  an  aver- 
age sample  taken  from  carload  from  anthracite  mine  just  above, 
less  than  30  feet  from  intrusive  sheet. 


No.  I. 


Water 1        18.33 

Volatile  hydrocarbons 61.91 

Fixed  carbon ,         19-76 


No.  a.  No.  3. 

1.26  I  .86 

36.49  I  6.55 

62.25  1  92.59 


The  decreasing  percentages  ol  water  and  volatile  hydrocarbons, 
and  the  increasing  percentages  of  fixed  carbon,  from  the  beds 
farthest  away  from  the  intrusive  to  that  nearest  it,  is  even  more 
striking  than  the  variations  in  a  north-and-south  direction  along 
the  same  bed,  pointed  out  by  Professor  Stevenson.    And  while  the 
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latter  variations  are  what  we  would  expect  on  the  basis  of  either 
theory,  the  facts  just  noted  above  offer  serious  obstacles  to  the 
theory  of  a  change  effected  by  he  it  traveling  along  the  coal  seams 
from  the  south,  and  strongly  confirm  the  theory  that  the  heat  from 
the  intrusive  sheets  alone  was  the  transforming  agent. 

Professor  Stevenson  noted  the  fact  that  thin  beds  of  coal  be- 
tween the  two  main  beds  above  referred  to  remained  good  bitu- 
minous coal  far  southward  into  the  region  where  the  beds  above 
and  below  were  both  anthracite  (C.  C.  F.,  p.  120).  He  recognized 
that  this  fact  appeared  to  contradict  his  hypothesis,  but  explained 
the  phenomenon  on  the  ground  that  these  smaller  beds  were  badly 
cut  by  clay  seams,  which  would  prevent  the  passage  of  heat  from 
one  portion  to  another.  Clay  which  has  been  sun-dried,  the  poor- 
est conductor  among  clays,  is  twice  as  good  a  conductor  of  heat  as 
coal ;  while  the  same  material  in  a  moist  condition  is  three  times 
as  good  a  conductor.  The  clay  seams  should  facilitate  the  pas- 
sage of  the  heat,  especially  since  the  great  pressure  of  overlying 
beds  would  make  perfect  contacts  between  clay  and  coal,  and  it 
seems  to  me  that  this  striking  contradiction  to  Professor  Steven- 
son's hypothesis  remains  unexplained.  If  we  regard  the  sills  as 
the  active  agents,  however,  it  is  readily  intelligible. 

It  is  also  to  be  noted  that  in  every  part  of  the  field  the  anthracite 
coal  is  invariably  close  to  one  of  the  sills.  It  is  also  true  that  the 
bituminous  coal  is  generally  farther  removed,  or  occurs  near  where 
a  sill  is  thinning  out  to  disappear  entirely.  In  this  latter  associa- 
tion we  find  the  bituminous  coal  of  the  northern  part  of  the  Lucas 
(White  Ash)  anthracite  bed.  Professor  Stevenson  has  noted  that 
in  a  drill  hole  on  the  mesa  west  of  Coal  Gulch,  bituminous  coal 
was  found  only  8  or  10  feet  above  a  sill  200  feet  thick.  It  does 
not  seem  to  me  that  this  can  in  any  way  cast  doubt  upon  the 
theory  supported.  For  while  we  might  say  certainly  that  where 
metamorphic  action  has  been  effective  it  was  due  to  a  certain 
cause,  we  can  never  say  that  such  action  shall  extend  a  given 
distance  from  its  source.  Evidences  of  the  unequal  distribution  of 
metamorphic  action  about  an  igneous  mass  are  too  numerous  to 
need  comment.  And  while  in  a  general  way  we  should  look  for  a 
certain  degree  of  uniformity,  isolated  cases  of  less  extensive  activity 
should  not  occasion  undue  surprise.  Moreover,  the  case  in  ques- 
tion is  from  near  the  northern  limit  of  the  sill,  and  the  abrupt  ter- 
mination of  the  latter  near  that  place,  or  a  possible  local  thickening 
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of  the  sheet  bringing  it  so  near  the  coal  for  only  a  very  limited  area, 
or  the  possible  occurrence  of  a  bed  of  loose  sands  (the  thermal  con- 
ductivity of  which  may  sink  as  low  as  that  of  coal)  between  the 
coal  and  the  sill,  may  explain  the  lack  of  excessive  metamorphism 
on  a  most  natural  basis.  The  fact  that  the  bed  was  changed  to 
bituminous  coal,  instead  of  remaining  lignite,  is  proof  that  the  meta- 
morphism was  active  to  a  considerable  degree. 

The  fact  that  unaltered  brown  lignite,  showing  the  detailed  struc- 
ture of  the  wood  with  remarkable  clearness,  occurs  in  the  Cerrillos 
region  where  protected  from  the  heat  of  intrusive  sills  by  a  consid- 
erable thickness  of  sands  and  shales  and  more  especially  by  beds 
of  poorly  conducting  coal,  suggests  that  prior  to  the  intrusion  all 
the  beds  may  have  been  of  lignite.  This  conclusion  gains  weight 
from  the  fact  that  the  lignites  of  the  same  horizon  farther  west  are 
practically  unchanged.  After  the  transformation  of  the  lignite  into 
coal,  as  a  result  of  the  cooling  and  contraction  of  the  beds,  strains 
were  developed,  fractures  and  faults  resulted,  and  extensive  dykes 
were  intruded.  This  accounts  for  the  crushing,  slickensiding  and 
laminating  of  the  coal,  which  is  so  prominent  a  feature  in  parts  of 
the  mines. 

In  his  excellent  paper  on  the  "Coal  Fields  of  Colorado,"  *  R.  C. 
Hills  has  noted  the  fact  that  every  stage  of  alteration  from  true 
lignite  to  true  anthracite  is  found  in  the  Colorado  fields  in  con- 
nection with  the  associated  intrusives.  One  excellent  example  is 
reported  from  the  Clear  Creek  basin,  where  an  intrusive  sheet  of 
lava,  twenty  feet  thick,  is  separated  from  a  ten-foot  coal  seam  by 
fifteen  to  twenty  feet  of  shale.  In  one  place  the  lava  jumps  down 
to  within  eight  feet  of  the  coal  seam,  and  continues  thus  for  about 
300  feet.  This  near  approach  of  the  intrusive  transformed  the  coal 
into  anthracite.  Hills  regarded  the  intrusive  sheets  as  active  agents, 
and  emphasized  the  importance  of  increased  chemical  activity  due 
to  elevation  in  temperature,  aided  by  the  action  of  steam  and  hot 
water.  Direct  contact  with  the  intrusive  was  shown  not  to  be  es- 
sential, and  the  existence  of  the  coal  in  the  form  of  lignite  prior 
to  the  transformation  pointed  out. 

As  has  already  been  shown  both  theoretical  considerations  and 
the  actual  facts  in  the  field  show  that  the  close  proximity  of  one  of 
the  great  intrusive  sheets  is  sufficient  to  produce  the  transforma- 


*«*Coal  Fields  of  Colorado,"  R.  C.  Hills,  Min.  Res.  U.  S.,  1892,  pp.  319-365. 
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tion  from  lignite  into  coal.  Indeed,  it  would  seem  incredible  that 
an  imprisoned  sheet  of  molton  rock,  of  wide  extent,  and  from  300 
to  400  feet  thick  in  places,  should  not  have  a  profound  effect  upon 
carbonaceous  beds  only  a  few  feet  distant.  In  the  same  way,  on 
a  priori  grounds,  we  might  expect  that  actual  contact  with  the  in- 
trusive would  have  a  detrimental  effect  on  the  coal,  since  intense 
and  sudden  activity  of  this  nature  would  tend  more  to  char'and 


Fjg.   14.     Columnar 

destroy  the  coal  than  the  slower  and  more  steady  action  through 
protecting  sediments.  Observations  in  the  Cerrillos  field  show  that 
where  a  sheet  or  dyke  cuts  across  the  bed,  whether  it  be  bitumi- 
nous or  anthracite,  the  coal  near  the  contact  is  destroyed,  and  in 
no  case  is  anthracite  produced  from  bituminous  coal. 

In  the  White  Ash  (bituminous)  mine,  now  abandoned,  a  north- 
and-south  dyke  was  encountered  3.600  feet  from  the  mouth  of  the 
slope.  For  about  100  yards  before  the  dyke  was  struck  the  bitumi- 
nous coal  was  badly  altered,  being  wholly  worthless.  So  far  as 
could  be  learned  no  anthracite  was  produced.  This  same  obstruc- 
tion was  encountered  in  the  Lucas  (anthracite)  mine  3,000  feet  from 
the  mouth  of  the  slope,  and  the  coal  was  similarly  altered  in  the' 
vicinity  of  the  dyke  there. 
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Professor  Stevenson  has  already  noted  the  influence  of  the 
Madrid  dyke  in  effecting  the  change  in  the  coal  in  a  pit  near  the 
northern  end  of  Madrid  (C.C.F.,  p.  1 16). 

In  the  Anthracite  B  No.  33  mine,  east  of  Madrid,  a  sheet  from 
below  cuts  up  through  the  coal  to  a  point  just  above  it,  and  then 
follows  along  the  bedding  plane.  The  coal  is  excellent  anthracite 
until  within  a  hundred  feet  or  so  of  where  the  sheet  has  cut  it, 
when  the  change  to  soft,  charred  coal  is  noted.  This  "burned" 
coal  from  the  anthracite  bed  is  similar  to  the  material  produced  in 
bituminous  beds  elsewhere  by  the  same  kind  of  action.  In  this 
same  mine,  in  one  of  the  right  entries,  the  same  sheet  is  encoun- 
tered where  it  cuts  up  through  the  coal.  At  this  point  the  coal  is 
destroyed  as  before,  while  near  the  sheet  beautiful  curved,  basalti- 
form  columns  of  natural  coke  are  formed  (Fig.  14).  The  analysis 
of  this  coke,  made  by  Mr.  C.  H.  Decker,  is  given  below : 

Water,  4.55 

Volatile  hydrocarbons,  4.43 

Fixed  carbon,  84.67 

Ash,  6.35 

100.00 

In  a  coal  mine  east  of  the  Ortiz  Mountains  a  seam  of  bituminous 
coal  is  cut  by  one  of  the  great  radial  dykes  from  that  group.  At 
the  contact  the  coal  is  destroyed,  while  a  short  distance  away,  on 
either  side,  the  bituminous  coal  is  unchanged.  Nothing  in  the 
nature  of  anthracite  was  produced. 

The  evidence  points  strongly  to  the  conclusion  that  not  only  was 
direct  contact  not  essential  to  the  transformation  of  the  lignite  into 
coal,  or  of  bituminous  coal  into  anthracite,  but  that  such  direct 
contact  tended  to  destroy  both  anthracite  and  bituminous  coal  alike, 
without  producing  anthracite  from  either  lignite  or  bituminous  coal. 

Summary. 

The  probable  relations  of  the  coal  beds  to  the  Ortiz  laccolith,  the 
laws  governing  thermal  conductivity,  the  relations  of  the  anthracite 
and  bituminous  beds  to  the  intrusive  sheets  or  sills,  the  extent  and 
form  of  these  sills,  the  occurrence  of  unchanged  lignite  where  pro- 
tected from  the  heat  from  these  sills,  the  effects  produced  by  direct 
contact  of  intrusives  on  both  bituminous  and  anthracite  coal  at 
several  localities  and  the  evident  sequence  of  geological  disturb- 


/ 


GEOLOGY    OF   THE    CERRILLOS  HILLS.        493 

ances  in  the  area,  together  with  other  minor  considerations,  would 
seem  to  justify  the  following  conclusions,  which  were  outlined  at 
the  beginning  of  this  discussion : 

The  anthracite  and  bituminous  coal  of  the  Cerrillos  region  were 
produced  by  the  metamorphic  action  of  intruded  sheets  of  lava 
upon  beds  of  lignite. 

Direct  contact  was  not  essential  to  the  change ;  on  the  contrary, 
direct  contact  destroyed  both  anthracite  and  bituminous  coal  with- 
out the  production  of  anthracite. 

More  gradual  thermal  action  through  intervening  protecting 
beds  of  sand  and  shale  was  conducive  to  the  production  of  the 
best  grade  of  coal. 

The  coal  was  crushed  and  sheared  by  movements  subsequent 
to  the  intrusion  of  the  sills  and  the  transformation  to  bituminous 
coal  and  anthracite. 

Turquoise. 

The  turquoise  deposits  of  the  Cerrillos  Hills  early  attracted  the 
notice  of  geologists  and  explorers  in  this  region.  In  1858,  Pro- 
fessor W.  P.  Blake  published  a  paper  entitled  "  The  Chalchihuitl 
of  the  Ancient  Mexicans,  Its  Locality  and  Association,  and  Its 
Identity  with  Turquoise."  *  The  paper  discussed  the  extent  and 
antiquity  of  the  old  workings  in  the  Cerrillos  Hills,  the  geological 
associations  of  the  turquoise,  and  the  characters  of  the  gem. 

In  1874,  Dr.  Oscar  Loew  visited  the  hills,  and  in  his  report  t 
gives  a  brief  description  of  the  turquoise  deposits,  together  with  an 
analysis  of  the  gem.  This  analysis,  together  with  several  others 
of  the  Cerrillos  material,  is  given  in  Part  III.  of  his  report. 

In  1880  Professor  Benjamin  Silliman  studied  the  Cerrillos  tur- 
quoise deposits,  and  published  notes  on  the  "  Turquoise  of  New 
Mexico."!  Professor  Silliman  describes  the  ancient  workings, 
discusses  the  character  and  origin  of  the  turquoise,  and  the  com- 
position of  the  matrix.  Illustrations  of  a  longitudinal  section  and 
a  distant  view  of  the  workings  are  given. 

In  the  late  'po's  Dr.  C.  L.  Herrick  made  several  short  trips  to 
the  Cerrillos  district,  and  in  a  paper  on  "  Geological  Associations 
in  New  Mexico  Mining  Camps  "  §  discussed  the  origin  of  the  tur- 
quoise. 

*  Am.  Jour.  Sd.,  Vol.  XXV,  pp.  227-232,  March,  1858. 
t  Report  of  Chief  of  U.  S.  Engineers,  1875,  Part  II,  p.  1027. 
t  Am.  Jour.  Set.,  Vol.  XXII,  67-71,  July,  1881. 
§Rep.  of  Gov.  of  N.  M.  for  1900,  pp.  257-260. 
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Professor  J.  S.  Newberry  (1859),  Dr.  J.  L.  LcConte  (1867)  and 
others  made  brief  references  to  the  turquoise  deposits  of  this 
region,  but  gave  no  detailed  descriptions. 

In  1887  F.  W.  Clarke  and  J.  S.  Diller  gave  a  detailed  micro- 
scopical and  chemical  discussion  of  **  Turquoise  from  New 
Mexico,"*  based  on  collections  made  by  Maj.  J.  W.  Powell.  The 
composition  of  the  matrix  was  also  considered  and  the  origin  of  the 
gem  discussed.  A  full  review  of  their  paper  is  given  in  connection 
with  the  discussion  of  the  microscopical  and  chemical  composition 
of  the  gem  and  its  matrix,  in  Part  III.  of  this  report. 

In  1900  Professor  S.  L.  Penfield  published  an  article  on  "The 
Chemical  Composition  of  Turquoise."f  An  analysis  of  turquoise 
from  Nevada  is  given,  specimens  of  the  Cerrillos  material  being 
examined  and  the  analyses  by  Clarke,  together  with  others,  dis- 
cussed. The  copper  is  considered  by  Penfield  as  an  essential  con- 
stituent of  the  turquoise,  rather  than  an  impurity  as  suggested  by 
Clarke. 

The  turquoise  deposits  of  the  Cerrillos  Hills  are  found  in  two 
main  localities,  three  miles  apart.     The  extensive  workings  of  the 
ancient  Indians  and   Mexicans  are  located  in   Mt.  Chalchihuitl 
(Plates  M  and  N),  a  low  knob  east  of  Grand  Central  Mt.    This  is 
the  locality  described  by  Blake,  Silliman,  and  others,  and  is  of  great 
historical  interest.    The  hill  is  not  represented  by  the  contours  on 
the  map.     Professor  Silliman  apparently  confused   Mt.  Chalchi- 
huitl, and  the  Grand  Central  Mt.  just  west.     His  descriptions   of 
general  appearance,  altitude,  etc.,  apply  to  the  "  dome  '*  of  Grand 
Central  Mt.,  and  do  not  apply  to  the  low  and  inconspicuous  knob 
of  Mt.  Chalchihuitl ;  whereas  his  descriptions  of  the  rock,  the  ex- 
cavations, and  the  cross-section  and  general  view  are  of  Mt.  Chal- 
chihuitl itself.     In  more  recent  years  the  mines  have  been  worked 
to  a  small  extent,  but  are  now  abandoned.     The  present  workings 
of  the  American  Turquoise  Company  of  New  York  are  situated 
at  the  southeastern  end  of  Turquoise  Hill  (Plate  O),  a  low  ridge 
rising  above  the  level  of  the  plains  northeast  of  the  main  group  of 
hills.     This  locality  is  barely  mentioned  in  the  earlier  descriptions, 
but  was  worked  by  the  Indians  probably  as  early  as  the  more  ex- 
tensive excavations  in  Mt.  Chalchihuitl,  and  in  recent  years  has 


*Bull.  U.  S.  G.  S.,  No.  42,  pp.  39-44. 

\Amer.  Jour,  Sci.,  Vol.  X.,  November,  I900,  pp.  346-350. 
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Main  Excavation  in  Mt.  Cbalchihditl.     (Showing  extent  or  aacient  workings.) 
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proven  of  more  economic  value.  Other  minor  deposits  have  been 
opened  up,  but  no  extensive  developments  made.  Some  of  these, 
also  worked  to  some  extent  by  the  Indians  and  Mexicans,  are 
found  at  the  western  end  of  Turquoise  Hill. 

In  all  of  these  older  workings  the  stone  hammers  of  the  ancient 
miners  may  be  found  to-day,  although  relic  hunters  have  carried 
oflf  the  greater  part  of  them,  and  only  the  more  inferior  specimens 
remain.  The  extent  of  the  workings  in  Mt  Chalchihuitl  is  truly 
marvelous.  The  illustrations  do  not  convey  an  adequate  idea  of 
the  enormous  mass  of  rock  removed  by  the  primitive  methods  of 
the  ancients,  although  the  figure  in  Plate  N  will  give  some  con- 
ception of  the  depth  which  they  reached.  The  whole  north  side 
of  the  hill  has  been  quarried  out  in  the  search  for  the  much  prized 
"  chalchihuitl,"  while  less  extensive  excavations  are  found  in  other 
parts  of  the  so-called  mountain.  It  seems  almost  incredible  that 
such  a  mass  of  rock  could  have  been  removed  by  a  primitive  peo- 
ple, without  the  aid  of  modern  mining  appliances.  As  Blake 
says,  *<  This  great  excavation  is  made  in  the  solid  rock,  and  tens 
of  thousands  of  tons  of  rock  have  been  broken  out."  Accord- 
ing to  Silliman,  a  local  surveyor  found  that  the  waste  excavated 
in  the  old  workings  covers  an  area  of  at  least  twenty  acres.  All 
of  the  middle-ground  in  Plate  M,  on  which  piiion  and  cedar  trees 
are  growing,  is  debris  from  the  workings  just  back,  where  the  bare 
rocks  are  seen  in  the  cliff.  This  "dump  "  forms  a  ridge  or  rim 
about  the  excavation,  which  latter  extends  to  a  depth  not  suggested 
by  the  picture. 

The  great  antiquity  of  the  workings  cannot  be  doubted.  The 
stone-hammers  and  fragments  of  pottery  of  the  ancient  miners, 
the  rocks  covered  with  lichens  and  gray  with  age,  and  the  trees 
growing  on  the  dumps  and  down  in  the  pits,  all  bear  witness  to  a 
period  of  mining  activity  centuries  ago.  Blake  speaks  of  pine 
trees  down  in  the  pit  which  were  over  a  hundred  years  old,  while 
Silliman  says  their  age  must  be  reckoned  by  centuries.  In  1680 
a  large  mass  of  overhanging  rock  near  the  top  of  the  cliff  slid 
down,  crushing  a  number  of  the  Indian  miners.  This  accident  has 
been  considered  the  immediate  cause  of  the  uprising  of  the  Puebloes 
and  the  expulsion  of  the  Spaniards  in  that  same  year.  I  was  able 
to  get  far  enough  back  through  the  debris  of  the  slip  to  make  out 
a  part  of  the  old  roof  of  the  cave  formed  by  the  overhanging  cliffs. 
It  was  still  black  from  the  smoke  of  ancient  fires,  and  served  to 
give  a  very  good  idea  of  the  great  extent  of  the  disaster. 
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The  rock  forming  Mt  Chalchihuitl  and  the  western  and  eastern 
ends  of  Turquoise  Hill,  and  in  which  the  turquoise  occurs,  is  fully 
discussed  in  Part  III.  of  this  report.  As  is  shown  there,  this  rock 
is  an  altered  phase  of  the  augite  andesite  forming  the  main  portion 
of  the  Cerrillos  Hills.  The  main  large  areas  over  which  this 
altered  rock  prevails  are  shown  on  the  geological  map.  Those 
areas  at  Mt.  Chalchihuitl  and  at  either  end  of  Turquoise  Hill  are 
the  only  ones  which  so  far  as  known,  contain  any  notable  amount 
of  turquoise.  The  rock  is  yellow  or  white  in  color,  sometimes 
mottled  or  streaked  with  iron  stains.  In  cases  it  may  resemble 
sandstone,  but  remnants  of  the  feldspar  phenocrysts  are  generally 
seen  in  the  hand  specimen. 

The  turquoise  occurs  as  seams  throughout  the  rock,  filling 
crevices  formed  by  crushing  and  shearing,  and  as  little  nodules  in 
streaks  or  patches  of  kaolin.  The  color  varies  from  green  through 
greenish-blue  to  pure  sky  blue.  Many  of  the  specimens  are 
marred  by  streaks  of  limonite,  kaolin,  etc.,  but  some  gems  of  rare 
beauty  and  purity  have  been  secured,  equal  to  the  best  Persian 
material.  The  microscopic  and  chemical  characters  of  the  tur- 
quoise are  presented  in  some  detail  in  Part  III. 

Concerning  the  origin  of  the  turquoise  several  opinions  have 
been  advanced.  Professor  Silliman  regarded  the  alteration  of  the 
rock  as  probably  due  "  to  the  escape  *  *  *  of  heated  vapor  of 
water  and  perhaps  of  other  vapors  or  gases,  by  the  action  of  which 
the  original  crystalline  structure  of  the  mass  has  been  completely 
decomposed  or  metamorphosed,  with  the  production  of  new 
chemical  compounds.  Among  these  the  turquoise  is  the  most 
conspicuous  and  important.  *  *  *  Chemically  it  is  a  hydrous 
aluminum  phosphate.  *  *  *  Evidently  the  decomposition  of  the 
feldspar  of  the  trachyte  furnished  the  alumina,  while  the  apatite, 
or  phosphate  of  lime,  which  the  microscope  detects  in  thin  sec- 
tions of  the  Cerrillos  rock,  furnished  the  phosphoric  acid.  A  little 
copper  ore  is  diflTused  as  a  constitutent  of  the  veins  of  this  region, 
and  hence  the  color  which  that  metal  imparts." 

Clarke  and  Diller  considered  the  turquoise  as  having  replaced 
veins  of  apatite.  After  noting  the  fibrous  structure  of  the  gem, 
and  that  the  fibers  run  directly  across  the  vein  at  right  angles  to 
the  walls,  and  are  arranged  perpendicularly  along  the  sides  of  small 
fissures  running  into  or  across  the  vein,  they  continue:  "The  per- 
pendicular arrangement  of  the  turquoise  fibers  along  fissures  cross- 
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ing  the  vein  indicates  that  the  mineral  may  have  been  derived  from 
the  alteration  of  another  substance  with  which  the  vein  was  for- 
merly filled.  We  would  suppose,  of  course,  that  the  original  vein 
material  was  itself  a  phosphate ;  and  the  only  one  after  which  tur- 
quoise is  known  to  be  pseudomorphous  is  apatite,  a  species  which 
not  infrequently  occurs  in  veins.  The  opinion  that  the  turquoise 
has  resulted  from  such  an  alteration  is  favored  by  the  presence  of 
other  alteration  products,  to  be  noted  in  considering  the  composi- 
tion of  the  country  rock  in  which  the  turquoise  is  found.  It  is 
also  suggested  by  Hermann's  analysis  of  blue  Oriental  turquoise, 
in  which  the  equivalent  of  3.41  per  cent,  of  calcium  phosphate  was 
actually  determined." 

In  1900  Dr.  C.  L.  Herrick  expressed  his  opinion  of  the  origin 
of  the  turquoise  in  the  following  words :  •*  The  syenite  *  *  *  has 
been  intimately  blended  with  fragments  or  great  masses  of  the 
sedimentary  rocks  through  which  it  has  broken  its  way.  These 
rocks  were  mainly  Jura-Triassic  and  Cretaceous.  It  would  appear 
from  a  careful  study  of  the  region  that  the  turquoise  owes  its  origin 
to  action  of  the  molten  syenite  on  the  copper-bearing  sandstone  of 
the  Jurassic  it  had  caught  up  in  its  escape.'** 

Concerning  the  above  theories,  the  following  facts  may  be  urged 
against  the  latter  one,  that  of  an  origin  in  the  metamorphic  action 
of  molten  lava  on  copper- bearing  Jurassic  sandstones:  It  is  not 
clear  what  reactions  would  take  place  between  molten  lava  and  a 
sandstone  to  produce  the  turquoise,  a  non-siliceous  mineral.  The 
theory  is  not  supported  by  any  field  evidence.  The  matrix  of  the 
turquoise,  while  resembling  sandstone  in  places,  is  an  altered 
igneous  rock,  as  all  students  of  this  region  agree.  So  far  as  I  was 
able  to  find,  there  is  no  sandstone  in  the  vicinity  of  Mt.  Chalchi- 
huitl.  The  inclusions  of  red  sandstones  farther  east,  while  re- 
sembling the  red  beds  of  the  Jurassic,  are  now  known  to  belong 
to  the  late  Cretaceous  or  Laramie,  and  carry  no  copper  so  far  as 
observed. 

As  will  appear  from  the  petrographical  descriptions  in  Part  III. 
of  this  report,  tourmaline  occurs  in  the  decomposed  country  rock, 
and  its  presence  suggests  some  such  action  of  escaping  vapors, 
gases  or  waters,  as  is  premised  by  Silliman.    There  is  every  reason 


*'*  Geological  Associations  in  New  Mexico  Mining  Camps,"  Rep.  of  Gov.  of  New 
Mexico,  1900,  p.  258. 
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to  believe  that  the  crushed  and  sheared  zones  in  the  andesite  formed 
passage-ways  for  the  active  agents  which  effected  the  decomposi- 
tion. Whether  or  not  the  turquoise  was  formed  at  that  time  as 
one  of  the  new  chemical  compounds,  as  is  supposed  by  Silliman, 
or  is  a  later  alteration  product  from  apatite  in  veins,  according  to 
Clarke  and  Diller,  is  another  question. 

If  the  turquoise  represents  a  replacement  of  veins  of  apatite,  we 
should  expect  to  find  some  trace  of  the  original  mineral  in  some  of 
the  numerous  sections  examined^  Apatite,  even  when  occurring 
in  veins,  usually  but  not  always  shows  a  greater  or  less  develop- 
ment of  the  crystalline  habit.  In  the  Cerrillos  case,  no  trace  of 
apatite  in  veins  has  ever  been  found,  and  in  no  case  does  the  form 
of  the  turquoise  suggest  the  outline  of  some  antecedent  crystalline 
mineral.  On  the  other  hand,  apatite  does  occur  in  the  country 
rock  as  tiny  crystals,  but  ^o  far  as  seen  was  never  replaced  by  tur- 
quoise. 

It  does  not  seem  to  me  necessary  to  assume  the  former  exist- 
ence of  veins  of  apatite  in  the  rock  in  order  to  explain  the  exist- 
ence of  the  turquoise  in  its  present  condition.  The  appearance 
under  the  microscope  suggests  rather  that  the  gem  formed  in  the 
crevices  directly,  as  one  of  the  alteration  products  of  the  various 
minerals  constituting  the  country  rock.  That  the  alumina  of  the 
turquoise  was  derived  from  the  decomposing  feldspar  of  the  ande- 
site, as  suggested  by  others,  seems  most  probable.  And  it  seems 
equally  probable  that  the  apatite,  occurring  as  an  accessory  min- 
eral in  the  andesite,  furnished  the  phosphoric  acid.  The  fact  that 
Clarke  and  Diller  failed  to  find  apatite  in  their  sections  is  not  sur- 
prising in  view  of  the  greatly  decomposed  character  of  the  speci- 
mens examined  by  them.  For  while  this  mineral  is  usually 
abundant  in  all  the  fresher  portions  of  the  rock,  sometimes  occur- 
ring as  quite  large  crystals,  it  is  seldom  seen  in  the  more  decom- 
posed portions  containing  the  turquoise;  which  is  just  what  we 
should  expect  on  the  basis  of  the  theory  as  to  origin  here  sup- 
ported. 

The  copper,  which  Clarke,  Diller  and  others  regarded  an  an  im- 
purity, but  which  according  to  Penfield  is  an  essential  constituent 
of  the  mineral  turquoise,  was  probably  supplied  from  the  same  cop- 
per-bearing solutions,  possibly  indirectly,  which  gave  rise  to  the 
copper- bearing  ores  of  the  region.  In  the  mines  of  the  American 
Turquoise  Company  the  copper  is  found  forming  a  green  coating 
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on  the  walls  of  the  tunnels,  etc.,  wherever  the  rock  is  left  undis- 
turbed for  any  length  of  time. 

The  intimate  association  of  fluorite  with  the  turquoise  is  very 
suggestive.  As  shown  in  Part  III.  of  this  report,  the  relations  and 
appearance  are  what  we  should  expect  if  the  turquoise  formed  first, 
leaving  the  fluorine  of  the  apatite  to  make  fluorite,  which  latter 
formed  about  the  turquoise.  The  proportion  of  the  fluorite  to  the 
turquoise  is  suggestive  of  the  proportion  of  fluorine  to  phosphoric 
acid  in  apatite,  the  fluorite  being  a  minor  factor  as  regards  quantity. 

Metallic  Minerals. 

While  the  Cerrillos  Hills  have  never  produced  much  in  the  way 
of  metallic  minerals,  the  region  was  once  the  scene  of  no  little  min- 
ing activity,  and  every  summer  still  finds  a  number  of  active  pros- 
pectors' camps  in  operation  and  perhaps  one  or  two  small  mines. 
In  the  late  70*s  and  early  8o*s  Carbonateville  and  Bonanza  City, 
now  marked  only  by  the  ruins  of  old  buildmgs  or  by  a  few  Mexican 
adobes,  were  booming  mining  camps. 

Prospecting  parties  spreading  southward  along  the  Rockies  after 
the  great  Leadville  excitement  overran  the  mountains  of  northern 
and  central  New  Mexico.  One  of  these  parties  took  up  claims  in 
the  Cerrillos  Hills,  where  were  found  ruins  of  mines  of  great  an- 
tiquity, evidently  worked  and  then  abandoned  by  the  Indians. 
The  news  of  the  numerous  northeast  and  southwest  "  veins  "  in 
these  hills  soon  attracted  a  goodly  company  of  miners,  and  the 
most  prosperous  days  of  the  Cerrillos  region  began.  Claims  were 
located  everywhere  on  the  very  numerous  mineralized  belts,  and 
the  hills  were  fairly  honeycombed  with  small  shafts,  tunnels  and 
open  cuts,  most  of  them  of  very  limited  extent.  A  few  enterprises 
on  a  larger  scale  were  undertaken,  and  some  ore  shipped  from  the 
neighborhood  of  the  Cash  Entry  and  Grand  Central  mines. 

The  camp  was  not  long-lived,  however.  Doubtless  the  early 
miners  found  the  richness  of  the  veins  themselves  less  seductive 
than  was  the  number  of  them.  To  the  fall  in  the  price  of  silver, 
the  failure  of  two  patent  smelter  schemes  and  also  of  one  of  the 
larger  mining  enterprises  is  popularly  attributed  the  failure  of  the 
camp. 

The  ores  of  the  Cerrillos  region  are  in  the  main  lead-silver  and 
zinc,  carrying  a  little  gold,  and  more  or  less  copper.     At  the  sur- 
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face  the  ores  are  chiefly  in  the  oxidized  form,  but  pass  into  the  sul- 
phides in  depth.  In  most  instances  the  ore  occurs  in  sheared 
zones  having  a  northeast- south  west  trend.  The  movements  pro- 
ducing this  extensive  shearing  have  already  been  referred  to.  It 
would  seem  that  the  ore-bearing  solutions  arose  along  these 
crushed  zones,  giving  rise  to  the  numerous  mineralized  belts  which 
attracted  the  early  miners.  True  fissure  veins  are  also  encoun- 
tered, but  are  less  common.  Both  shear  zones  and  veins  approxi- 
mate the  vertical. 

The  direction  of  the  strike,  as  well  as  the  number  of  these  min- 
eralized belts,  is  well  shown  by  the  accompanying  reproduction 
(Plate  P)  of  a  portion  of  one  of  the  old  mine  maps,  which  repre- 
sents the  various  openings,  together  with  the  strike  of  the  ore 
bodies. 


THE  PRODUCTION  OF  ANISIC  ACID  BY  THE  OXIDA- 
TION OF  ANISEED  OIL* 

By  MARSTON  TAYLOR  BOGERT  and  CARL  H.  ZIEME. 
(Contribution  from  the  Havemeyer  Laboratories  of  Columbia  University,  No.  89. 

In  1840  Laurentf  announced  that  by  the  action  of  nitric  acid 
upon  the  volatile  oil  of  tarragon  he  had  discovered  five  new  crys- 
talline acids.  The  following  year  J  he  mentioned  three  of  these 
more  specifically,  calling  them  "  draconic,"  "nitrodraconasic"  and 
"  nitrodraconesic  "  acids,  the  two  latter  being  respectively  mono- 
and  dinitro  derivatives  of  draconic  acid ;  while,  in  a  third  article  § 
he  described  them  more  fully,  outlining  also  their  method  of  sep- 
aration. 

Cahours,  at  about  the  same  time  ( 1840),  investigated  the  action 
of  nitric  acid  upon  anethol.  He  first  reported  I  that  the  action  of 
dilute  nitric  acid  gave  a  new  acid,  while  with  strong  nitric  acid 
a  nitro  acid  was  formed  to  which  he  gave  the  name  "  nitranisic  " 
acid.     In  a  later  and  more  extended  paper  •^    the  details  of  the 


*  Read  before  the  New  York  Section  of  the  American  Chemical  Society  at  its  meet- 
ing June  5,  1903. 

f  Comptes  Rendus,  10,  531  (1840). 

J  CompUs  Rendus^  12,  765  (1841). 

\J.prakt.  Ch<m.  (Erdmann),  27 y  232-243  (1842). 

II  Ann.  (Liebig),  jj-,  312  (1840). 

^Ann.  chint.  phys.^  III.,  ^,  287,  2S8,  301  (1841),  and  Ann,  (Liebig),  ^/,  65,  66, 
73  (1842). 
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work  are  given,  and  the  new  acid  is  christened  "  anisic  "  acid. 
The  formation  of  a  yellow  resin  was  also  noted  in  those  reactions 
where  strong  nitric  acid  was  used  and  the  name  "  nitranisid  "  sug- 
gested for  it.*  At  the  beginning  of  the  reaction  there  is  always 
formed  a  heavy  red  oil  which  contains,  in  addition  to  anisic  acid, 
varying  amounts  of  anisic  aldehyde.t 

Gerhard,:]:  after  a  careful  comparison  of  these  products,  came  to, 
the  conclusion  that  Laurent's  "  draconic"  and  "  nitrodraconasic" 
acids  were  identical  with  Cahour's  '*  anisic "  and  •'  nitranisic " 
acids. 

Persoz  §  oxidized  oils  of  anise,  star  anise  and  fennel  with  potas- 
sium dichromate  mixture,  and  separated  from  the  product,  acetic 
**  umbellic  "  and  "  badianic  "  acids.  At  Liebig's  suggestion  Hem- 
pel  II  repeated  this  work  and  found  Persoz's  **  umbellic  "  acid  to 
be  identical  with  Laurent's  **  draconic  "  and  Cahour's  "  anisic " 
acid,  and  also  came  to  the  conclusion  that  there  was  no  difference 
between  the  so-called  "  badianic  "  and  "  umbellic  "  acids.  Zervas  T[ 
also  prepared  anisic  acid  from  oil  aniseed  by  oxidation  with  dichro- 
mate mixture,  the  yield  being  50  per  cent,  of  the  weight  of  the  oil 
used.  By  altering  the  strength  of  the  dichromate  mixture,  and 
changing  somewhat  the  operating  conditions,  Ladenburg  and  Fitz** 
brought  the  yield  of  anisic  acid  up  to  55-75  per  cent.  The  com- 
position of  the  oxidizing  mixtures  used  by  Persoz,  Zervas  and 
Ladenburg  and  Fitz  varied  as  follows : 


Persoz. 

2^rvas. 

]4td< 

snburg  and  Fitz 

Oil 

— 

6 

6 

6 

KjCr^O^ 

50 

36 

30 

H,SO^ 

:^ 

no 

42 

60 

H^O 

— 

400 

54 

120 

The  yield  reported  by  Ladenburg  and  Fitz  has  recently  been 
corroborated  by  Jackson.tf     Where  dichromate  is  the  oxidizing 

*  This  was  subsequently  shown  to  be  a  dinitroanisoin. 

fCahqurs,  Ann.  Chim.  phys,y  I  if.,  /^,  483  (1845).  Compare  also  Limpricht, 
Ann,  (Liebig),  97,  364  (1856) ;  Stadeler  and  WSlchter,  ibid.,  //6,  161  ( i860)  ;  Lan- 
dolph,  Comptes  Rendus^  81  y  97  (1 875). 

XAnn,  chim.  phys.f  III.,  7,  293  (1843). 

§  Compies  Rendus,  13,  433-435  (1841). 

\\Ann.  (Liebig),  59,  104-107  (1846). 

%Ann.  (Liebig),  loj,  339  (1857). 

**Ann.  (Liebig),  14/ ,  248  (1867). 

\fAm.  Chem.  J.y  ^p,  104  (1903). 
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agent  employed,  considerable  anisic  aldehyde  is  invariably  formed, 
the  amount  increasing  if  the  violence  of  the  reaction  is  modified.* 

Garelli,t  by  oxidizing  anethol  with  alkaline  potassium  perman- 
ganate, obtained  anisic  and  p-methoxyphenylglyoxalic  acids. 
Bougault.J  in  his  study  of  the  successive  steps  in  the  oxidation  of 
anethol,  used  alkaline  permanganate  to  pass  from  p-methoxy- 
acetophenone  to  p-methoxyphenylglyoxalic  acid,  and  acid  per- 
manganate to  convert  the  latter  to  anisic  acid. 

So  far  as  the  authors  are  aware,  the  efficiency  of  potassium  per- 
manganate as  an  oxidizing  agent  for  the  preparation  of  anisic  acid 
from  oil  aniseed  has  not  been  investigated.  It  seemed,  therefore, 
worth  while  to  make  a  few  experiments  in  this  direction,  compar- 
ing the  results  with  those  obtained  by  the  other  methods,  and  the 
work  is  given  below  in  detail. 

Nitric  acid  is  not  satisfactor>''  as  an  oxidizing  agent,  on  account 
of  the  formation  of  nitrated  bodies,  resins,  etc.,  and  the  difficulty 
of  purifying  the  product  It  is  therefore  rarely  used  for  the  pro- 
duction of  anisic  acid.  As  between  the  dichromate  and  acid  per. 
manganate  methods,  there  appears  to  be  but  little  choice.  Both 
are  rapid  and  easily  carried  out,  and  in  our  experiments,  the  yields 
of  anisic  acid  were  approximately  the  same.  It  should  be  recalled, 
however,  that  other  workers  have  obtained  much  better  yields 
with  the  dichromate  mixture  than  we  report.  The  most  rapid 
method  for  obtaining  a  crude  anisic  acid  in  fair  yield  is  by  the  use 
of  dichromate,  but  the  product  is  not  nearly  so  pure  as  the  crude 
acid  obtained  by  the  acid  permanganate  oxidation.  To  secure 
anisic  acid  of  the  same  degree  of  purity,  we  found,  took  just  as 
long  with  the  dichromate  method  as  with  acid  permanganate,  on 
account  of  the  difference  in  the  purity  of  the  first  products. 

The  oil  used  in  the  following  experiments  was  a  high  grade  oil 

of  star  aniseed  furnished  by  Dodge  &  Olcott,  of  New  York  City. 

« 

Experimental. 

« 

/.  Oxidation  with  Nitric  Acid, — The  strength  of  the  acid  used  by 
Cahours,and  which  he  found  to  give  the  best  yields  of  anisic  acid  from 
anethol  was  22^-23°  B6  ;  i.  e.,  approximately  a  sp.  gr.  of  1.18-1 .19. 
In  the  following  experiments  an  acid  of  sp.  gr.  1. 19  was  employed. 


*  StaJeler^  J.  prakt,    Chem.  (Erdmann),  /oj,  1 05  (1868)  ;  Rossel,  ibid.,  /J/,  28 

(1869). 

I  Gaz.  ehim.  ital.^  20 y  693  (1890). 
J  Coniptes  RendttSy  ij2y  784  (1901). 
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1.  Twenty- five  gms.  of  the  oil  and  380  gms.  nitric  acid  (sp.  gr. 
1. 1 9)  were  mixed  and  left  at  ordinary  temperature.  No  reaction 
occurred  at  first,  but  after  standing  for  many  hours  a  heavy  red  oil 
settled  out.  The  mixture  was  allowed  to  stand  several  days 
longer,  and  the  anisic  acid  was  then  precipitated  by  diluting  with 
a  liter  of  cold  H,0.     The  yield,  however,  was  insignificant. 

2.  The  same  amounts  of  oil  and  acid  were  used  as  in  the  above. 
The  acid  was  placed  in  a  large  beaker,  heated  to  90°,  and  the  oil 
added  slowly  with  constant  stirring,  the  operation  lasting  about  three 
hours.  The  anisic  acid  formed  was  then  precipitated  by  adding  a 
liter  of  cold  H^O,  filtered  out  and  washed  thoroughly.  This  crude 
acid  contains  resinous  by-products,  from  which  it  is  freed  by  di- 
gesting with  dilute  ammonia,  filtering,  carefully  neutralizing  excess 
of  ammonia  with  hydrochloric  acid,  boiling  with  boneblack,  pre- 
cipitating the  filtered  solution  with  excess  of  hydrochloric  acid  and 
allowing  the  same  to  cool  down  slowly.  This  gives  a  well  crystal, 
ized  product,  although  slightly  yellow  in  color  and  of  low  melting- 
point  (170°,  uncorr.).  The  yield  was  28  per  cent,  the  weight  of 
the  oil  used. 

3.  Same  amounts  of  oil  and  acid  as  before,  but  the  two  were 
mixed  all  at  once  and  the  mixture  heated  immediately  on  the 
water-bath.  During  the  first  period  of  the  reaction  but  little 
change  was  apparent.  The  oil  gradually  turned  dark  and  in- 
creased in  density  until,  after  about  an  hour's  heating,  it  slowly 
sank  to  the  bottom.  At  this  point  the  reaction  tended  to  become 
rather  violent,  evolving  CO,  and  nitrous  vapors.  It  was,  therefore, 
moderated  somewhat  by  gentle  external  cooling,  not  allowing  the 
temperature,  however,  to  fall  below  85°.  The  heavy  oil  gradually 
became  more  opaque,  slowly  rose  to  the  surface,  and  the  evolution 
of  gas  nearly  ceased.  To  make  sure  that  the  reaction  was  com- 
plete, the  heating  was  continued  for  nearly  half  an  hour  longer. 
The  solution  was  then  diluted  and  the  anisic  yield  recovered  as 
already  outlined.     Yield,  24.6  per  cent.;  melting-point  low  (170°). 

4.  The  last  experiment  was  repeated.  Yield,  26  per  cent. ; 
melting-point  low  (172°). 

As  will  be  seen  from  the  above,  the  anisic  acid  obtained  by  the 
use  of  nitric  acid  as  an  oxidizing  agent  was  invariably  impure, 
slightly  yellow  in  color  and  of  low  melting-point.  Cahours 
changed  the  acid  to  the  ammonium  salt,  purified  this  by  recrystal- 
lization,  converted  this  to  the  difficultly  soluble  lead  salt,  decom. 

VOL.  xxrv. — 34. 
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posed  the  lead  salt  with  hydrogen  sulphide,  and  sublimed  the  acid 
thus  obtained.  Such  a  process  is,  of  course,  slow  and  unsatisfac- 
tory. We  therefore  studied  the  eflfect  of  stannous  chloride  as  a 
decolorizing  agent  in  this  connection.  Twenty-five  grams  of 
the  yellow  acid  were  dissolved  in  dilute  ammonia,  the  solution  di- 
luted to  750  C.C.,  heated  to  boiling  and  acidified  with  10  c.c.  of  hy- 
drochloric acid  ;  10  grammes  of  acid-washed  boneblack  was  added, 
and  then  4  grams  of  stannous  chloride  in  small  portions  and 
with  constant  shaking.  The  solution  was  then  made  slightly  alka- 
line with  sodium  carbonate,  metastannic  acid  filtered  out,  and  anisic 
acid  precipitated  in  the  filtrate  by  acidifying  with  hydrochloric 
acid.  Considerable  coloring  matter  was  removed  in  this  way,  but 
the  same  result  was  accomplished  more  readily  by  boiling  a  neu- 
tral aqueous^  solution  of  sodium  anisate  with  boneblack,  precipi- 
tating anisic  acid  in  the  filtrate,  and  washing  the  precipitate  with 
a  large  amount  of  cold  water,  which  dissolves  out  the  yellow 
coloring  matter  without  causing  any  appreciable  loss  of  anisic 
acid. 

II.  Oxidation  with  Potassium  Bichromate  Mixture.  —  In  this 
process  the  reaction  becomes  quite  violent.  Attempts  to  moder- 
ate it,  however,  only  diminish  the  yield  of  anisic  acid. 

1 .  The  first  experiment  was  undertaken  according  to  the  direc- 
tions of  Ladenburg  and  Fitz.  One  part  of  oil  aniseed  (100  gms.) 
was  poured  into  a  solution  of  five  parts  potassium  dichromate,  ten 
parts  sulphuric  acid  and  twenty  parts  water,  the  temperature  of  the 
oxidizing  mixture  being  50°.  The  reaction  soon  became  so  violent 
that  most  of  the  material  boiled  out  of  the  flask. 

2.  In  this  case  only  25  gms.  of  oil  were  used  with  a  proportion- 
ate amount  of  the  oxidizing  mixture.  As  before,  the  oil  was  added 
all  at  once  to  the  dichromate  mixture,  the  temperature  of  the  latter 
being  50°.  After  the  addition  of  the  oil  a  violent  reaction  quickly 
set  in,  the  temperature  rising  to  about  1 25^.  In  ten  minutes  this  re- 
action was  over.  The  mixture  was  then  diluted  with  about  a  liter  of 
water  and  allowed  to  cool,  the  anisic  acid  being  recovered  from  the 
product  as  described  below.     Yield,  48.2  per  cent. 

3.  One  hundred  grams  of  oil  were  used,  50  gms.  being  added  at 
first,  with  the  intention  of  adding  the  remaining  50  gms.  after  the 
first  reaction  had  ceased.  An  attempt  was  also  made  to  control 
the  temperature  by  external  cooling.  The  reaction,  however,  set 
in  so  vigorously  that  it  could  not  be  satisfactorily  controlled. 
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4.  One  hundred  grams  of  oil  were  allowed  to  flow  slowly  into 
the  dichromate  mixture,  stirring  constantly  with  a  turbine.  The 
temperature  of  the  dichromate  solution  was  60°  at  the  beginning 
of  the  operation,  and  was  gradually  raised  so  that  it  registered  80^ 
when  75  gms.  of  the  oil  had  been  added,  at  which  point  it  was 
kept  during  the  addition  of  the  rest  of  the  oil.  The  duration  of 
the  operation  was  about  three  hours.  Yield  of  anisic  acid,  41.8 
per  cent.,  melting  at  183°-! 84°  (uncorr.). 

5.  The  above  experiment  was  repeated,  using  instead  of  potas- 
sium  dichromate  an  equivalent  amount  of  the  more  soluble  sodium 
salt.  The  crude  anisic  acid  obtained,  however,  proved  more  diffi- 
cult to  purify,  owing  to  oily  by-products,  six  extractions  with  di- 
lute ammonia  being  necessary  to  recover  all  the  acid.  Yield,  41.6 
per  cent.;  melting  point  i82.5°-i83°  (uncorr.). 

6.  The  potassium  dichromate  mixture  was  placed  in  a  large  bat- 
tery jar  and  warmed  on  the  water-bath.  When  the  temperature 
of  the  oxidizing  mixture  reached  50^-55°,  100  gms.  of  the  oil  was 
slowly  run  in  with  constant  stirring.  As  considerable  heat  is  de- 
veloped in  the  reaction,  the  hot  water  of  the  bath  was  gradually 
displaced  by  cold,  and  the  addition  of  oil  so  adjusted  that  the 
temperature  remained  at  50^-60°.  After  half  the  oil  had  been 
oxidized  the  reaction  proceeded  much  more  smoothly.  A  little 
over  two  hours  was  consumed  in  adding  the  oil.  The  mixture 
was  then  allowed  to  cool  slowly  and  stand  over  night.  The  mass 
was  filtered  and  the  precipitate  washed  with  water  until  the  wash- 
ings were  colorless.  The  crude  anisic  acid  thus  obtained  was 
digested  on  the  water-bath  for  several  hours  with  dilute  ammonia, 
the  solution  filtered  and  anisic  acid  precipitated  by  acidifying  the 
filtrate.  The  removal  of  ammonium  salts  is  facilitated  by  heating 
the  solution  to' boiling,  whereby  the  anisic  acid  is  redissolved,  and 
then  by  slow  cooling  it  will  separate  in  good  crystals  which  can 
be  easily  filtered  and  washed.  For  further  purification,  the  acid  is 
added  to  about  fifteen  times  its  weight  of  water,  the  temperature 
raised  to  boiling,  solution  exactly  neutralized  with  alkali,  boiled 
with  boneblack,  filtered,  anisic  acid  precipitated  in  the  filtrate  by 
acidifying  strongly  with  hydrochloric  acid,  recrystallized  from  boil- 
ing water,  and  crystals  washed  free  from  all  mineral  acid.  Yield, 
32.4  per  cent. ;  melting-point  183°  (uncorr.). 

7.  The  following  experiment  was  made  to  ascertain  the  action 
of  the  oxidizing  agent  upon  anisic  acid  itself.    Fifty  grams  sulphuric 
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acid,  25  grams  potassium  dichromate  and  ICX5  c.c.  of  water  were 
mixed,  and  5  grams  of  pure  anisic  acid  added  to  the  mixture. 
At  first  no  change  was  observed,  but  after  heating  on  the  water- 
bath  the  mixture  gradually  turned  darker.  After  heating  for 
two  hours,  the  anisic  acid  was  recovered  and  found  to  have  lost 
18  per  cent,  in  weight.  Too  long  heating  of  the  oil  with  the 
dichromate  mixture  is,  therefore,  likely  to  diminish  the  yield  of 
anisic  acid. 

It  will  appear  from  the  above  that  a  short,  sharp  oxidation  is 
likely  to  give  the  best  yield  of  anisic  acid,  those  experiments  in 
which  the  temperature  was  controlled  and  the  duration  of  the 
operation  prolonged  showing  lower  results. 

III.  Oxidation  with  Potassium  Pemtanganate, — A.  In  neutral 
solution, 

1.  Fifty  grams  of  oil  were  added  to  a  solution  of  165  grams 
potassium  permanganate  in  2,200  c.c.  of  water,  the  whole  being 
kept  at  20  °  for  three  weeks.  At  the  end  of  this  time  considerable 
manganese  dioxide  had  separated,  and  the  oil,  judging  by  the  odor, 
had  all  been  oxidized.  Excess  of  permanganate  was  destroyed 
by  the  addition  of  alcohol,  the  precipitate  filtered  out,  and  anisic 
acid  precipitated  in  the  filtrate  by  the  addition  of  hydrochloric 
acid.  Yield,  not  over  5  per  cent,  the  product  showing  a  low 
melting-point  and  possessing  a  pleasant  aromatic  odor. 

2.  A  solution  of  potassium  permanganate  was  prepared  of  such 
a  strength  that  1 1  c.c.  contained  4  grams  of  available  oxygen,  and 
25  grams  of  oil  was  oxidized  by  this  solution  at  90  ^,  the  amount 
of  permanganate  used  being  sufficient  to  oxidized  25  grams  of 
anethol.  In  less  than  half  an  hour  the  oxidation  was  complete ; 
but  it  was  evidently  too  extensive,  for  only  a  very  small  amount 
of  anisic  acid  was  recovered. 

3.  A  solution  only  half  the  strength  of  the  above  was  used,  the 
oxidation  being 'conducted  at  95  °-ioo°  for  12  hours,  with  con- 
stant stirring.  After  about  three  hours  heating  manganese  dioxide 
began  to  separate  and  the  solution  showed  an  alkaline  reaction. 
At  the  end  of  twelve  hours  most  of  the  permanganate  was  decom- 
posed. Upon  working  up  the  product,  a  yield  of  between  5  per 
cent,  and  10  per  cent,  of  anisic  acid  was  obtained. 

The  mother-liquors  from  the  separation  of  the  anisic  acid  in  the 
foregoing  experiments  were  evaporated  to  dryness,  the  residue 
extracted  with  absolute  alcohol,  the  alcohol   driven  ofT  and  the 
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residue  repeatedly  crystallized  from  benzene.  The  product  was  a 
crystalline  solid,  melting  sharply  at  88.7°  (corn),  which  melting- 
point  could  not  be  altered  by  further  recrystallization.  It  was 
identified  as  p-methoxyphenylglyoxalic  acid,  for  which  Garelli  * 
gives  the  melting-point  as  89°. 

B.  In  Alkaline  Solution, — i.  25  grams  of  oil  and  100  c.c.  of 
strong  (1:8)  permanganate  solution  were  placed  m  a  two-liter  flask 
provided  with  a  return  condenser,  and  the  mixture  heated  to  boil- 
ing; 12.5  grams  potassium  hydroxide  were  then  added,  and  a 
weaker  permanganate  solution  (i  :  10)  run  in  from  time  to  time 
until  the  pink  color  was  no  longer  discharged  on  boiling.  This 
took  about  two  hours  and  three  quarters,  the  amount  of  per- 
manganate solution  added  being  i  ,250  c.c.  Yield  of  anisic  acid,  24 
per  cent;  melting-point,  183°  \^uncorr.). 

2.  The  above  experiment  was  repeated  with  100  grams  of  oil. 
Eight  hours  were  consumed  in  adding  the  permanganate  solution, 
the  amount  necessary  to  give  a  permanent  pink  color  being  equal 
to  300  grams  of  solid  permanganate.  The  filtered  solution  still 
showed  a  strong  alkaline  reaction  and  a  faint  aromatic  odor.  The 
yield  was  practically  identical  with  the  first  experiment. 

Several  other  lots  of  oil  were  oxidized,  using  permanganate  and 
alkali  in  varying  proportions,  but  the  yields  of  anisic  acid  never 
exceeded  25  per  cent. 

C.  In  Acid  Solution. —  i.  Twenty-five  grams  of  oil  were  mixed 
with  about  100  c.c.  of  permangate  solution  (i  :8),  125  grams  sul- 
phuric acid  added,  and  the  mixture  boiled  in  a  flask  with  a  return 
condenser,  adding  more  permanganate  solution  from  time  to  time 
until  125  grams  of  the  dry  salt  had  been  used.  The  duration  of 
the  oxidation  was  three  quarters  of  an  hour.  Owing  to  more  ex- 
tensive oxidation  this  amount  of  permanganate  was  decomposed 
before  more  than  half  of  the  oil  was  oxidized,  so  the  products  were 
not  further  examined.  The  calculation  of  the  amounts  of  acid  and 
permanganate  necessary  were  based  upon  the  following  equation  : 

5CeH,OCH3C3H,-h8KMnO,+  I2H,S0,=  sC.H.OCHjCOOH 

+  5CH3.COOH  +  4K,S0,  +  8MnSO,  +  I2\lfi, 

2.  The  above  experiment  was  repeated,  using  only  100  grams 
of  sulphuric  acid,  but  with  no  better  results ;  200  grams  of  acid 
could  be  used  and  yet  all  the  oil  did  not  disappear. 


*  Gaz.  Chim.  itaL^  20,  694  ( 1890). 
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3.  Twenty-five  grams  of  oil  were  oxidized  by  the  action  of  a 
solution  of  100  grams  permanganate  and  30  grams  sulphuric  acid, 
at  85°-90°,  the  permanganate  being  used  in  dilute  (1:9)  solution. 
The  yield  of  anisic  acid  was  52  per  cent,  and  the  product  was 
much  purer  than  that  obtained  from  the  nitric  acid  or  dichromate 
methods.  The  basis  of  the  proportions  used  was  the  following 
equation : 

3C,H,OCH3C3H,  -f  8KMnO,  +  4H,S0,  =  sCgHpCHgCOOH 

+  3CH3 .  COOH  +  4K2SO,  +  4Mn02  +  4HjO. 

4.  One  hundred  grams  of  oil  were  mixed  with  500  c.c.  of  a 
1:9  permanganate  solution,  and  100  grams  of  sulphuric  acid 
diluted  with  an  equal  volume  of  water  added.  The  mixture  was 
stirred  mechanically,  the  temperature  being  maintained  at  90°, 
and  warm  permanganate  solution  of  the  same  strength  run  in  from 
time  to  time.  By  careful  operation,  the  oxidation  can  be  com- 
pleted in  an  hour  and  a  half.  About  400  grams  of  permanganate 
were  necessary  to  carry  the  oxidation  to  the  point  where  the  odor 
of  anise  had  entirely  disappeared,  and  the  solution  was  then 
neutral  to  methyl  orange.  Anisic  acid  was  extracted  by  treating 
the  mixture  with  alkali,  filtering  and  precipitating  the  filtrate  with 
hydrochloric  acid.  As  thus  precipitated,  the  anisic  acid  is  practically 
pure.     Yield,  52.9  per  cent.;  melting-point,  183°  (uncorr.). 

5.  To  ascertain  the  yield  when  enough  permanganate  was  used 
to  permanently  color  the  solution,  25  grams  of  oil  were  oxidized 
with  132  grams  of  permanganate,  but  the  yield  of  anisic  acid  was 
no  better  than  when  only  100  grams  of  permanganate  were  used. 

6.  One  hundred  grams  of  oil  were  added  gradually  to  500  c.c. 
of  a  1:9  permanganate  solution  at  50°,  and  then  60  grams  of 
sulphuric  acid  poured  in.  The  reaction  was  quite  violent  at  first, 
the  temperature  of  the  mixture  rising  to  90°.  As  the  reaction 
moderated  more  permanganate  was  run  in,  the  addition  of  fresh 
permanganate  causing  less  and  less  rise  of  temperature,  and  it  was 
necessary  finally  to  heat  the  mixture,  to  keep  the  temperature  at 
90°.  After  3,600  c.c.  of  the  permanganate  solution  had  been 
added,  the  color  of  the  mixture  remained  purple  after  heating  for 
two  hours  longer,  but  the  anise  oil  was  not  completely  oxidized, 
on  account  of  the  deficiency  of  sulphuric  acid.  The  yield  of 
anisic  acid  was  26.7  grams  ;  melting-point,  i8o°-i8i°. 

The  proportions  of  sulphuric  acid  and  permanganate  giving  the 
best  yields  are,  therefore,  those  given  in  experiments  3  and  4. 
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7.  One  hundred  p^rams  of  pure  anisic  acid  were  added  to  a  solution 
of  20gms.  permanganate  in  iSoc.c.  of  water  and  containing  6.1  gms. 
sulphuric  acid.  The  mixture  was  heated  to  90°  and  a  vigorous 
oxidation  immediately  set  in  with  evolution  of  considerable  CO,, 
the  permanganate  being  destroyed  in  half  an  hour.  On  recover- 
ing the  anisic  acid,  it  was  found  to  have  lost  28  per  cent,  in  weight. 
Too  long  an  oxidation  of  anise  oil  with  permanganate  will,  there- 
fore, diminish  the  yield  of  anisic  acid. 

The  anisic  acid  obtained  in  these  experiments,  when  boneblacked 
and  recrystallized  from  water  and  then  from  alcohol,  melted  sharply 
at  184.4°  (corn). 

All  the  experiments  were  carried  out  quantitatively,  the  mother- 
liquors  and  washings  being  worked  over  in  every  case.     The  yields 

are  given  in  percentage  weight  of  oil  used. 

The  best  yields  from  the  diflFerent  methods  were  with  nitric  acid, 

28  per  cent;   with  dichromate,  48.2  per  cent;  with  acid  perman- 
ganate, 52.9  per  cent. 

Organic  Laboratory,  Havemeyer  Hall, 
Columbia  University,  June,  1903. 
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ANALYTICAL  CHEMISTRY. 
By  ELWYN  waller. 

Deterioration  of  Platinum  Crucibles.  Heraeus  (Z/j.  angew.  Chem. , 
XV.,  917).  Deterioration  has  been  frequently  obsened  when  precipi- 
tates of  MgNH^PO^  are  ignited  in  platinum.  The  author  notes :  (1) 
That  the  same  effects  are  observed  whether  the  metal  is  pure  or  alloyed 
with  Jr.  (2)  The  phenomena  are  due  to  the  formation  of  P  (3)  which 
is  reduced  by  the  action  of  C  on  MgjPaO^  at  950°.  (4)  The  reducing 
gases,  especially  H,  produce  the  same  phenomenon  at  900°.  (5)  NH3  is 
dissociated  at  a  high  temperature,  and  on  account  of  the  H  it  con- 
tairsis  eminently  a  reducing  gas.  (6)  This  precipitation  is  the  more  in- 
tense if  the  precipitate  contains  Newbauer*sH404tc   )geiN2. 

The  obvious  conclusions  are  that  theMaroP  a)ttln  should  be  so  man- 
aged as  to  prevent  the  formation  of  Newbauer's  salt  j  that  the  heat  should 
be  applied  gradually  at  first,  to  completely  expel  the  NH3  before  the  dis- 
socation  temperature  is  reached.  It  is  not  advisable  to  collect  and  ignite 
successively  several  precipitates  in  the  same  crucible,  as  is  often  done. 
In  that  case  the  ammonia  of  the  later  precipitate  may  react  with  the  phos- 
phate of  the  preceding  ones. 

Treating  the  precipitate  at  once  with  HNO3  and  igniting  is  the  best 
way  of  avoiding  such  attack. 

Ammonia,  Substitute  for  Nessler's  reagent.  Manget  and  Marion 
(^Ann,  de  Chim,  AnaLy  VIII. ,  83).  Diaminolphenol,  conunercially  called 
''  amidol,''  is  said  to  give  a  color  reaction  more  delicate  than  the  Nessler 
for  free  ammonia. 

Potassium  in  Kainit.  Rap :d  determination.  Passon  {Zts,  angew. 
Chem,,  XV.,  1263).  Place  10  gms.  in  a  500-cc.  flask,  add  300  cc, 
dilute  HCl  and  boil,  adding  excess  of  BaClj  to  obtain  KCl.  Cool,  fill 
to  the  maik  with  96  per  cent,  alcohol,  cool,  and  bring  to  the  mark. 
Filter  through  a  dry  filter.  Take  25  cc.  of  the  filtrate  (=0.5  gn^-)* 
add  5  to  15  cc.  PtCl4  solution,  and  125  cc.  of  96  per  cent,  alcohol, 
agitate  for  five  minutes  and  then  filter  through  a  Gooch.  Wash  with 
alcohol,  rinse  with  ether,  dry  and  weigh.  Dissolve  out  K2PtCl4,  wash 
with  alcohol  dry  and  weigh  again,  the  less  is  K2PtCl4»  from  which  per 
cent. of  KgO  may  be  calculated. 

Manganese  in  Steel,  Ramorino  {Monit  Sci.  [4],  XVL,  419).  In 
using  the  Volhard  method — solution  in  HNO3,  precipitation  by  ZnO 
and  titration  of  the  filtrate  with  standard  KjMnjOg,  the  presence  of  the 
carbon  compounds  gives  trouble  unless  some  (usually)  time-consuming 
method  is  used  to  destroy  them.  The  author  finds  that  they  can  rapidly 
be  eliminated  by  the  following  treatment :  Dissolve  2  gms.  of  the  steel 
in  30  cc.  HNOg  (gr.  r.20).     Boil  out  nitrous  fumes,  and  then  add  10 
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cc.  cone.  HCl  with  lo  cc.  strong  Br  water.  Boil  until  Br  fumes  are 
expelled.  Dilute  with  about  200  cc.  water,  add  25  gms.  ZnO  in  200 
cc.  boiling  water,  allow  to  settle,  and  titrate  with  standard  K^MnjO^. 
By  a  blank  test  the  correction  for  impurity  of  the  ZnO  should  be  ascer- 
tained. This  may  be  from  0.5  to  i  cc.  when  i  cc.  KjMngOg  = 
0.00 1 19  Mn. 

Volumetric  for  Zinc.  Clewnell  {Ch.  News,  LXXXVIL,  121).  The 
method  depends  on  precipitation  of  the  Zn  in  alkaline  solution  with 
standard  NajS,  and  determining  the  excess  of  Na2S  by  adding  KAgCy,, 
which  reacts  thus : 

NajS  +  2KAgCyj  =  Ag^S  +  2NaCy  +  2KCy. 

The  excess  of  free  cyanide  (NaK)Cy  is  then  titrated  with  standard 
AgNOj  u>ing  KI  as  indicator. 

The  most  convenient  strengths  for  the  solutions  are  : 

(a)  NajS  solution  about  0.2  per  cent.  (20  gms.  per  liter). 

(b)  AgNOg  5.215  gms.  per  liter  gives  a  solution  of  which  i  cc.  =0.001 
gm.  Zn,  but  any  solution  of  known  strength  may  be  used. 

{c)  KAgCy,.  To  a  KCy  solution  of  2  to  3  per  cent,  strength,  add 
AgNOg  solution  until  a  slight  permanent  precipitate  forms,  then  settle 
and  filter. 

(</)  KI  one  per  cent,  solution. 

Dissolve  the  ore,  or  other  material,  in  any  convenient 'manner,  make 
strongly  alkaline  with  NaOH,  boil,  dilute  and  filter  if  necessary.  Run 
in  a  measured  volume  of  solution  a  slightly  in  excess  of  what  may  be 
necessary  to  precipitate  the  Zn,  agitate  well,  and  then  add  a  little  CaO  to 
assist  settlement.  Filter  the  whole,  or  an  aliquot  portion,  and  to  that  add 
a  slight  excess  of  solution  c.  Filter  off  the  AgjS,  and  wash  (prompt 
separation  of  the  precipitate  may  be  assisted  by  adding  a  little  CaO  at 
this  stage).  To  the  filtrate  add  about  5  cc.  of  solution  d  and  titrate  with 
b  until  a  slight  yellowish  turbidity  is  permanent,  i  gm.  KCy  =  0.3  gm. 
Na2S=o.25  gra.  Zn.  Standardize  by  use  of  a  solution  containing  a 
known  amount  of  Zn. 

Separation  {Qualitative^  of  Arsenic^  Antimony  and  Tin,  Walker 
{Proc.  Chem,  Soc,  XVIIL,  246).  Add  NajOj  to  the  alkaline  sulphide 
solution  of  the  three  and  boil.  Any  Hg,  if  present,  will  separate  at  this 
point  as  HgS.  Add  excess  of  NH^Cl  and  boil.  HjSnOg  will  be  pre- 
cipitated. Add  excess  of  acid,  and  pafs  HjS  in  the  cold,  SbjS^  will 
precipitate,  while  HgAsO^  remains  in  solution. 

Arsenic  in  Glycerin.  Bougault  (Ji  Pharm.  et  Chim.  [6],  XV.,  No. 
1 1).  Dissolve  20  gm«.  sodium*  hypophosphite  NaH^PO^  in  20  cc. 
water  and  add  200  cc.  HCl  (gr.  1.17),  filter  off  the  precipitated  NaCl 
through  cotton  wool.  To  5  cc.  of  the  glycerin  add  10  cc.  of  this  reagent. 
Immerse  the  test-tube  in  a  boiling  water  bath,  a  brown  coloration,  or 
brownish  flocculent  precipitate  is  indication  of  As.  0.004  gm.  ASjOj  ptr 
liter  can  be  thus  detected. 

Reagents  in  Estimating  Arsenic,  W.  Thomson  (Ch.  News, 
LXXXVI.,  179).  The  author  criticizes  the  report  of  the  Joint  Com- 
mittee of  Soc.   Chem.   Ind.,   and   Soc.   Pub.  Anal.     Their  method  of 
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purifying  HCl  by  Br  or  HBr  he  does  not  find  satisfactory.  His  method 
is  to  dilute  with  about  one  third  its  volume  of  water,  add  about  i  gm. 
per  liter  of  CrOg  and  distil,  subsequently  drawing  air  through  the  dis- 
tillate. 

HjSO^  is  purified  in  essentially  the  same  manner,  adding  CrO,  (with- 
out diluting)  and  distilling. 

HNOg,  he  asserts,  is  seldom  free  from  As.  The  same  is  said  of  Zn. 
The  presence  of  small  amounts  of  Fe  holds  back  some  As. 

The  details  of  manipulation  of  beer,  etc.,  should  be  consulted  in  the 
original  paper. 

Assay  for  Gold  and  Silver  in  Cyanide  Solutions.  Chiddy  {Eng,  and 
Min.Jour,^  LXXV.,  473).  Four  assay  tons  (or  more)  of  the  solution 
are  treated  with  10  cc.  of  10  per  cent.  Pb(C2Hj02)2  and  4  gms.  zinc 
shavings,  boiled  a  short  time,  and  20  cc.  HCl  added.  When  the  Zn  is 
all  dissolved  bring  to  a  boil,  wash  the  lead  sponge  with  hot  water,  trans- 
fer to  a  filter  paper,  finally  squeeze  down  to  a  lump  —  and  place  directly 
in  a  hot  cupel.  In  case  there  is  but  little  else  than  gold  present,  it  may 
be  advisable  to  add  at  the  start  some  AgNOg  dissolved  in  KCy. 

Arents  (/^.,  446)  acidifies  the  cyanide  solution  with  H3SO4,  adds  about 
I  gra.  of  cement  copper  and  boils,  then  filters  and  fuses  with  litharge 
borax  and  soda,  and  then  cupels  the  button. 

Gravimetric /or  Tellurium,  Maclvor  (CA.  News^  LXXXVIL,  17). 
Review  of  methods.  Berzelius  originally  prescribed  SO3.  Fresenius 
added  to  that  the  requirement  that  it  should  be  performed  in  HCl  solu- 
tion. The  formation  of  H2SO4  interferes  with  the  completeness  of  the 
reaction,  hence  Whitehead  proposed  the  use  of  NaHSOj. 

Frerichs  uses  KI  besides  the  HCl  and  SO 2  with  good  results,  espe- 
cally  as  regards  rapidity. 

Crane  proposes  the  use  of  metallic  Mg.  The  oxidation  of  the  Te 
during  washing  and  drying  appear  just  about  to  balance  the  small  amounts 
of  Te  which  escape  precipitation.  Description  of  a  satisfactory  method 
is  promised. 

Vanadium  Titration,  Gooch  and  Gilbert  (^Am,  /our,  Sei,,  XV.,  389). 
To  reduce  VjOg  in  order  to  titrate  with  standard  KjMujOg  the  zinc 
reductor  can  be  used  as  well  as  for  Fe  solutions.  Jones'  reductor  as 
originally  described  was  rather  elaborate.  The  simplified  form,  described 
in  Blair's  **  Chemical  Analysis  of  Iron,"  is  quite  as  efficient.  Some 
V2O8  may  be  formed.  To  bring  the  whole  of  the  V  to  the  condition  of 
V2O4  before  titration,  the  solution  from  the  reductor  was  run  into  about 
100  cc.  of  saturated  solution  of  Ag2S04.  The  solution  on  boiling  affords 
the  Ag  in  spongy  mass,  which  is  readily  filtered  and  washed,  and  the 
filtrate  (again  heated  to  boiling)  is  titrated  with  standard  HjMn^O^. 

Molybdenum,  Qualitative,  Spiegel  and  Miass  {Berichte.  XXXVI., 
512).  Dissolve  one  part  colorless  phenylhydrazine  in  four  parts  of  50 
per  cent,  acetic  acid.  Add  5  cc.  of  this  solution  to  the  solution  to  be 
tested  and  boil  one  or  two  minutes.  A  red  coloration  indicates  the 
presence  of  Mo. 

^  If  the  amount  is  very  minute,  cool  to  50°  C.  and  shake  with  chloroform 
or  acetic  ether,  which  will  dissolve  the  red  comp  und,  and  make  it  more 
apparent,     o.oi  mgm.  in  10  cc.  may  thus  be  detected. 
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The  only  thing  liable  to  be  misleading  is  AsjOg  when  in  very  concen- 
trated solutions,  which  affords  a  yellowish  red  with  separation  of  CgH^. 

Uranium  Tests,  A\oy  {Bull.  Soc,  Chim,  [3],  XXXVIL,  No.  14). 
Adding  HjOj  and  then  KjCOg,  either  solid  or  in  concentrated  solution, 
gives  with  UO  salts  a  solution  of  red  coloration.  KHCO,  cannot  be 
used  instead  of  the  neutral  carbonate.  The  reaction  will  occur  in  the 
presence  of  metals  giving  precipitates  insoluble  in  KjCOg  solution.  The 
addition  of  three  or  four  volumes  of  alcohol  to  the  red  solution  precipitates 
the  red  compound.  The  composition  of  this  precipitate  is  being  exam- 
ined— a  matter  of  some  difficulty,  as  it  is  very  unstable.  The  reaction 
may  be  used  as  a  test  for  H^O,  mutatis  mutandis. 

Sulphur  in  Gunpowder.  Petersen  {Chem.  Zt,^  XXVI.,  104).  Boil 
with  an  alkali  thus  dissolving  the  S.  Add  HjOj — warm — acidify  with 
HCl  and  precipitate  with  BaClj.  The  method  is  applicable  also  to 
many  organic  sulphur  compounds. 

Boric  Acid.  Cassal  and  Gerans  (^Ch.  News,  LXXXVII.,  27).  The 
turmeric  test  for  H3BO3  is  modified,  possibly  rendered  something  dif- 
ferent and  more  delicate  by  addition  of  HgCjO^.  The  color  obtained 
is  a  magenta  red,  and  the  reaction  can  be  used  quantitatively  (colori- 
metric).  In  milk,  for  example,  15  to  20  gms.  of  the  sample  are  rendered 
decidedly  alkaline  by  Ba(0H)2,  evaporated  to  dryness  and  finally  car- 
bonized. The  residue  is  treated  with  water,  the  solution  made  just  acid 
with  HCl,  and  extracted  with  hot  water.  The  carbonaceous  res'due  is 
saturated  with  Ba(0H)2  dried  and  finally  the  carbon  burned  off,  the  ash 
extracted  with  25  per  cent.  HCl  and  the  solutions  united,  bringing  them 
to  100  cc.  volume.  Ten  cc.  of  this  extract  is  run  onto  10  or  15  gms.  of 
purified  sand,  Ba(0H)2  in  excess  added  and  this  then  thoroughly  dried. 
When  dry  render  just  acid  with  solution  of  25  per  cent.  HCl,  add  2  cc. 
of  saturated  solution  of  H2C2O4  and  2  cc.  of  alcoholic  solution  of  cur- 
cumin  (i  gm.  per  liter).  Dry  this  mass  over  a  paraffin  bath  (main- 
tained at  105°  C.)  by  aspirating  air  over  it,  the  air  being  drawn  through 
"potash  bulbs"  containing  Ba(OH)2  as  it  has  been  found  that  per- 
cei)tible  amounts  of  HgBOg  are  carried  off  in  the  vapors.  Add  i  cc.  of 
curcumin  solution  and  dry  again  in  the  same  manner.  Treat  the  liquid 
from  the  potash  bulbs  in  the  same  way,  finally  extract  all  the  dried 
residues  with  alcohol  or  methylated  spirit,  and  compare  coloration  with 
that  obtained  by  treatment  of  known  amounts  of  HgBOg  in  a  similar 
manner.  NaOH  or  KOH  or  their  salts  in  large  amounts  interfere  with 
the  formation  of  the  coloring  matter.  Excessive  amounts  of  water  are 
also  inimical. 
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Notes  on  Metallurgical  Analysis,  By  N.  VV.  Lord,  Professor  of  Metal- 
lurgy and  Mineralogy.  New  edition  rewritten  and  greatly  enlarged. 
A  text-book  for  students  in  metallurgical  chem'stry.  Price,  J2.50, 
postage  paid.  Metallurgical  laboratory,  Ohio  State  University, 
Columbus,  Ohio. 

This  work  is  a  much  enlarged  edition  of  the  book  with  the  same  title 
published  in  ii?93.  The  ground  covered  is  the  analysis  of  limestone, 
iron  ores,  pig  iron,  steel,  furnace  and  flue  gases,  slags,  fire  clays, 
copper  in  ores,  zinc  in  ores,  alloys  of  lead,  antimony,  etc.,  and  water  for 
boilers.  Two  hundred  and  eight  pages  are  devoted  to  the  methods  for 
the  analysis  of  substances  connected  with  the  metallurgy  of  iron  and 
steel ;  seven  pages  to  the  rest  of  metallurgical  analysis,  so  that  the  book 
can  be  considered  only  as  applying  to  the  metallurgy  of  iron  and  steel 
with  a  coup'e  of  methods  for  copper  and  one  for  zinc  added. 

From  this  standpoint  the  methods  are  well  selected  and  cover  all  the 
analyses  likely  to  be  rcqiured  by  an  "  iron  chemist."  There  is  no  claim 
for  originality  except  in  the  notes  to  some  of  the  determinations,  particu- 
larly limestone.  These  were  the  best  features  of  the  original  edition. 
The  methods  of  analysis  are  taken  largely  from  the  Journal  of  the  Amer- 
ican Chemical  Society  zxi^  are  very  similar  to  those  published  in  "  Methods 
of  Iron  Analysis"  used  in  the  region  around  Pittsburgh,  edited  by  F.  C. 
Philips,  but  the  repetition  of  that  work  is  avoided  and  the  methods  are 
arranged  so  as  to  be  more  useful  to  students. 

Many  references  are  given  and  the  book  is  to  be  recommended  as  a 
convenient  and  well-selected  collectioa  of  the  methods  needed  by  those 
engaged  in  the  metallurgy  of  iron  and  steel. 

£.  XT.  M. 


Electricity  as  Applied  to  Mining.  By  Arnold  Lupton,  M.I.C.E.,  M.I. 
Mech.E.,  M.I.E.E.,  late  Professor  of  Mining  in  Yorkshire  College, 
Mining  Engineer  and  Colliery  Manager;  G.  D.  Aspinall  Parr, 
M.I.E.E.,  A. M.I. Mech.E.,  head  of  Electrical  Engineering  Dept., 
Yorkshire  College,  and  Herbert  Perkin,  M.I.M.E.,  Cert.  Colliery 
Mgr.,  and  Lecturer  in  Mining,  Yorkshire  College.  New  York,  D.  Van 
Nostrand  Co.,  1903.     280  pp.,  171  ills.     Price,  I3.50. 

The  present  wide  and  successful  employment  of  electric  transmission 
of  power  for  mine  service  has  been  brought  about  within  but  little  more 
than  twenty- five  years.  A  striking  commentary  upon  its  comparatively 
recent  and  wonderfully  rapid  introduction  into  this  field  of  work  is  to  be 
found  in  the  fact  that  in  Gallon's  elaborate  and  still  useful  work  on  min- 
ing, which  was  completed  and  published  soon  after  his  death  in  1875, 
there  is  no  mention  of  electric- driven  machinery  of  any  kind,  and  only  a 
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brief  reference  to  the  possibilities  and  advantages  of  electric  blasting. 
Nor  did  the  lighting  of  mines  by  electricity  receive  from  him  more  than 
scant  notice.  In  Gallon's  time  the  electric  lamp  consisted  of  three  parts : 
a  Bunsen  cell,  a  Rhumkorff  coil  and  a  Geissler  tube,  and  it  is  not  sur- 
prising that  he  dismissed  the  subject  with  the  remark  that  '<the  idea  of 
illuminating  a  mine  with  the  electric  light  should  be  relegated  to  the  num- 
ber of  chimerical  propositions  which  it  is  not  worth  while  even  to  attempt 
to  solve."  Certainly  the  time  had  not  yet  come  to  apply  to  the  uses  of 
the  miner  the  new  agent  for  lightmg  and  the  transmission  of  power,  the 
principles  of  which  were  then  being  demonstrated  by  the  scientists,  and 
which  is  now  employed  in  a  multitude  of  forms  in  all  mining  regions. 

In  the  work  under  consideration,  some  60  pages  are  devoted  to  an  ex- 
planation of  the  general  principles  of  electricity ;  its  production  by  chem- 
ical means,  with  illustrated  descriptions  of  well-known  primary  and  sec- 
ondary celts ;  a  brief  r^sum^  of  the  theory  of  direct  and  alternating  cur- 
rents, and  the  construction  of  standard  forms  of  generators,  motors  and 
transformers.  Notwithstanding  the  necessity  for  condensation  in  a  hand- 
book of  this  character,  these  subjects  are  presented  clearly  and  in  sufficient 
detail  for  the  needs  of  those  for  whom  the  work  is  particularly  intended. 
It  may  be  noted,  however,  that  the  references  to  the  construction  of  con- 
tinuous-current, gas-tight  motors,  for  use  in  collieries  containing  fire- 
damp, are  hardly  adequate,  and  could  have  been  extended  with  advan- 
tage. A  more  detailed  discussion  would  be  acceptible,  also,  as  to  the 
unfavorable  and  trying  conditions  under  which  electric  appliances  are 
often  called  upon  to  operate  underground,  and  the  construction  of 
motors,  etc. ,  especiall)  adapted  for  such  service. 

The  details  given  in  Chapter  III.  of  tests  on  several  electric  plants, 
working  under  varying  conditions  as  to  load,  will  be  found  useful ;  as 
also  the  application  of  steam  turbines  for  the  direct  driving  of 
generators  (Chap.  IV.).  Next  are  taken  up  the  distribution  of  electrical 
energy,  the  control  of  generators  and  motors,  switchboards,  lightning 
a  resters  and  measuring  instruments;  all  rather  briefly  presented. 

Chapters  VI [.  and  VIII.,  dealing  with  electric  cables  and  conductor 
1  nes,  and  the  design  and  establishment  of  central  generating  plants,  are 
decidedly  more  satisfactory.  They  contain  useful  figures  of  cost  of  plant 
and  operating  expenses,  together  with  an  outline  of  the  method  of  mak- 
ing calculations  for  high-  and  low-tension  transmission  to  various  distances, 
accompanied  by  a  detailed  summary,  showing  in  tabular  form  the  costs 
and  percentages  of  loss.  There  are  also  very  good  descriptions  of  carry- 
ing the  current  down  shafts  and  into  the  mine  workings.  Though  the  figures 
given  apply  chiefly  to  the  conditions  prevailing  in  Great  Britain,  they  may 
be  made  of  general  application  by  altering  them  in  conformity  with  the 
prices  and  waj^es  of  other  regions. 

The  use  of  electricity  for  hoisting,  pumping,  drilling;  coal-cutting, 
underground  haulage,  lighting  and  signalling,  with  notes  on  a  few  typical 
plants,  are  next  considered.  Here  again  the  reader  might  desire  a  more 
detailed  treatment  of  the  subject,  with  a  fuller  citation  and  comparison 
of  examples  of  recent  installations.  In  view  of  the  development  of 
electric  hoisting  on  a  large  scale,  within  the  past  few  years,  and  the  great 
size  of  some  of  the  recently  erected  German  plants,  further  data  should 
certainly  be  given  in  addition  to  the  notes  on  pp.  136  and  245. 
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In  Chapter  XIV.  is  presented  a  comparison  of  electric  and  other  modes 
of  transmitting  power,  i.  ^.,  by  steam,  rope  driving,  compressed  air,  etc. 
The  work  closes  with  a  chapter  on  the  possible  dangers  of  electrical  trans- 
mission, particularly  in  collieries,  containing  a  number  of  useful  sugges- 
tions as  to  the  arrangement  of  conductors  underground  to  avoid  fire, 
fuses  and  circuit-breakers,  sparking,  short-circuiting  and  detection  of 
faults  in  the  circuit. 

Altogether,  the  bock  is  fairly  satisfactory.  Such  a  hand-book  is  really 
needed  by  mining  engineers,  superintendents  and  students  of  mining,  and 
by  the  amplification  of  some  of  the  sections  which  are  unnecessarily 
brief,  a  second  edition  may  be  materially  improved. 

R.  P. 

A  Course  in  Botany  and  Pharmacognosy,     By  Henry  Kraemer.     New 

York,  G.  R.  Stechert,  1902.    8vo,  pp.  1-384,  f.  1-128.    Price,  ^3.50. 

The  author.  Professor  Henry  Kraemer,  was  graduated  from  the  School 
of  Mines,  receiving  in  1895  the  degree  of  Bachelor  of  Philosophy  in 
Analytical  and  Applied  Chemistry.  The  present  volume  represents  the 
results  of  his  experience  as  a  teacher  in  botany  and  pharmacognosy 
during  the  past  several  years  in  the  Philadelphia  Co  lege  of  Pharmacy. 
As  such  it  is  deserving  of  careful  consideration,  for  every  presentation  of 
a  successful  course  of  study  in  any  subject  is  as  valuable  a  contribution 
to  science  and  as  deserving  of  credit  as  original  investigation.  Work  of 
this  character  is  often  apparently  a  thankless  task  but  the  fundamental 
importance  of  it  as  a  preparation  for  the  successful  accomplishment  of 
the  world's  work  can  not  bie  overestimated. 

An  examination  of  this  book  reveals  a  carefully  arranged  and  digested 
s)stem  of  instruction  and  it  is  a  matter  for  congratulation  that  such  a 
work  upon  this  subject  has  appeared.  It  would  be  difficult  to  imagine  a 
subject  of  more  vital  importance  to  people  in  general  than  this  relating  to 
the  training  of  druggists.  It  can  hardly  be  questioned  that  the  prepara- 
tion of  the  pharmacist  to-day  is  often  superficial  and  that  there  is  fre- 
quently a  tendency  on  the  part  of  the  student  to  neglect  this  preparatory 
work.  Commercial  interests  also  too  often  lead  to  the  substitution  of  in- 
ferior and  cheaper  drugs  for  those  of  higher  grade  or  to  the  introduction 
of  adulterants  which  though  harmless  in  themselves  nevertheless  render 
medicines  uncertain  in  action  and  so  jeopardize  life.  A  case  in  hand 
was  recently  revealed  by  the  health  board  in  this  city  in  the  almost  uni- 
versal adulteration  of  a  drug.  This  mercenary  and  conscienceless 
bartering  of  human  safety  is  less  worthy  of  note  than  the  fact  that  the 
dispensors  of  the  drug  were  ignorant  of  the  adulteration. 

Professor  Kraemer  his  prefaced  his  work  with  a  short  introduction  to 
the  study  of  botany,  in  which  the  fundamental  structures  and  functions 
of  the  root,  leaf,  stem  and  flower  are  considered,  together  with  a  careful 
consideration  of  the  forms  and  contents  of  the  cell  —  a  field  in  which  the 
pharmacist  is  especially  interested.  This  portion  of  the  book  comprises 
100  pages  and  is  supplemented  with  1 28  excellent  illustrations.  While 
recognizing  the  difficulty  that  has  to  be  met  in  presenting  the  subject  of 
pharmacognosy  to  students  totally  ignorant  of  botany  we  can  only  regret 
that  It  is  necessary  10  offer  such  an  abridged  course  as  is  found  in  the 
first  part  of  the  book.     While  present  entrance  requirements  endure  and 
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so  long  as  the  universal  desire  to  qualify  for  life  work  by  the  shortest 
possible  course  directs  and  shapes  the  curriculum,  we  must  accept  these 
introductions  as  the  best  that  the  conditions  permit.  This  is  not  offered 
in  a  spirit  of  criticism  of  the  book  but  of  the  conditions  that  compel  the 
author  to  present  only  so  much  of  botanical  science  as  his  experience  has 
shown  to  be  indispensable  to  fit  the  student  for  a  study  of  drugs.  Tr  e 
student  should  already  be  familiar  with  much  of  the  information  here 
presented  and  thus  would  he  have  more  time  for  mastering  the  second 
portion  of  the  work. 

Part  II.  deals  with  Pharmacognosy.  This  comprises  the  really  important 
portion  of  the  book  and  will  naturally  attract  the  most  attention.  An 
introductory  chapter  treats  of  the  collection,  preservation,  admixtures, 
valuations,  etc.,  of  drugs.  The  information  here  presented  is  especially 
important  and  timely  since  too  often  are  seen  gross  carelessness  and 
ignorance  in  these  matters.  In  the  following  chapters  are  considered  the 
Crude  Vegetable  Drugs,  Powdered  Vegetable  Drugs,  and  Reagents. 
Under  the  first  of  these  titles  the  seeds,  underground  organs,  stems, 
flowers,  fruits,  leaves  and  exudations  that  are  of  medicinal  value  are  con- 
sidered. The  powdered  vegetable  drugs  are  classified  and  considered 
according  to  their  color  and  under  reagents  practical  methods  of  treat- 
ing and  studying  are  given. 

The  treatment  accorded  this  portion  of  the  work  marks  a  new  and 
important  departure  from  all  other  works  dealing  with  pharmacognosy. 
Each  subject  as  seeds,  roots,  flowers,  powders,  etc. ,  is  prefaced  by  a  key 
for  the  identification  of  any  specimen  in  hand.  Following  this  scheme 
there  is  brought  together  under  each  organ  or  drug  all  the  data  relating 
to  its  appearance,  occurrence,  gathering,  perservation,  constitutents,  ad- 
ulterants, etc.  Perhaps  the  most  noteworthy  portion  of  the  book  relates 
to  the  treatment  of  powdered  drugs.  The  author  has  already  attracted 
attention  in  this  line  of  work,  having  received  the  Ebert  and  Maisch 
prize  for  his  paper  on  the  identification  of  powdered  drugs,  published  in 
Xht  Proceedings  of  the  American  Pharmaceutial  Association  m  1898.  It 
will  be  noted  that  as  here  presented  it  has  been  substantially  recast  and 
elaborated  and  appears  for  the  first  time  accompanied  by  a  key  and  index. 

This  systematic  description  of  drugs  after  the  manner  of  the  botanical 
systematist,  appearing  for  .the  first  time  in  a  work  of  this  kind,  is  one  of 
the  most  important  and  valuable  features  of  the  book  and  is  destined  to 
have  a  marked  influence  upon  future  publications.  The  presentation  of 
the  subject  is  worthy  of  high  commendation  and  will  prove  to  be  a  de- 
cided advance  over  the  plan  of  treatment  given  in  pharmacopoeias. 

Carlton  C.  Curtis. 

Planner's  Manual  of  Qualitative  and  Quantitative  Analysis  with  the 
Blow-Pipe.  Translated  by  Henry  B.  Cornwall,  E.M.,  Ph.D , 
Professor  of  Applied  Chemistry  and  Mineralogy  in  Princeton  Univer- 
sity. Assisted  by  John  H.  Caswell,  A.M.,  from  the  Sixth  German 
Edition  by  Professor  Friedrich  Kolbeck,  of  the  Mining  Academy  at 
Freiberg,  Saxony.  Eighth  edition  revised.  New  York,  D.  Van  Nos- 
trand  Company.     8vo,  cloth,  463  pages,  illustrated.     Price,  net,  f  4.00. 

No  essential  alterations  have  been  made  in  this  edition  of  Plattner  s 
Manual.     The  blow-pipe  behavior  of  a  number  of  new  minerals  has  been 
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added,  the  chemical  notation  and  names  of  species  have  been  modernized. 
The  size  of  the  book  has  been  somevirhat  diminished  by  the  omission  of 
some  sections,  notably  the  tabulated  tests  of  the  different  oxides  with 
borax,  salt  of  phosphorus,  soda,  etc.,  and  by  the  use  occasionally  of 
smaller  type. 

The  manual  includes  all  the  corrections  made  in  th^  sixth  and  last 
German  Edition,  and  contains  complete  indexes  and  a  revised  table  of 
atomic  weights. 

A.  J.  M. 
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417  Madison  Avenue, 


Between  48th  and  49th  Streets,  NEW  YORK  CITY 


Twenty-second  Year  Begins  October  ist^   ^903* 


rfE  school  is  well  equipped  with  physical  and  chemical  laboratories,  in  which  the 
students  are  required  to  perform  a  complete  set  of  experiments  illustrative  of  their 

recitations  in  physics  and  general  chemistry.  A  special  laboratory  is  devoted  tt> 
qualitative  chemical  analysis  for  advanced  students. 

Five  hundred  Students  of  Columbia  School  of  Mines  have  been  instructed  in  the 
Woodbridge  School.  Also  a  large  number  have  been  prepared  for  Massachusetts  In- 
stitute of  Technology,  Stevens  Institute,  Sheffield  Scientific  School,  Lawrence  Scien- 
ific  School,  Troy  Polytechnic  Institute,  Cornell  University,  and  the  Classical,  MedicaJ, 
and  Law  Departments  of  Harvard,  Yale,  Columbia  and  Princeton. 

A  summer  school  for  students  who  have  failed  in  June  begins  August  i3lh  and 
coaches  men  for  the  Fall  examinations.  All  classes  are  limited  to  five.  College  men 
are  coached  in  Freshman  and  Sophomore  Mathematics  and  Quantitative  Analysis, 

An  advanced  course  for  older  students  prepares  them  to  enter  the  second-year  class 
Last  June  one  of  our  students  received  his  degree  in  Electrical  Engineering  in 
three  years. 
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